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PRIMARY RESECTION (CLOSED ANASTOMOSIS) OF RECTAL 
AMPULLA FOR MALIGNANCY WITH PRESERVATION 
OF SPHINCTERIC FUNCTION 


Together with a Further Account of Primary Resection of the Colon and 


Rectosigmoid and a Note on Excision of Hepatic Metastases 


OWEN H. WANGENSTEEN, M.D., F.A.C.S., Minneapolis, Minnesota 


OMEWHAT more than 2 years ago, the 
results in this clinic of primary resec- 
tion of the colon without antecedent, 
complemental, or supplemental colos- 

tomy, save in the presence of acute obstruc- 
tion were set forth (34). At the same time, a 
preliminary report was made upon efforts di- 
rected at salvage of sphincteric function in the 
radical abdominal operation for carcinoma of 
the rectal ampulla. 

It is the writer’s intent in this paper to re- 
port upon the experience of this clinic with the 
surgery of colonic malignancy since the time 
of the earlier report (April, 1943) and to elab- 
orate particularly upon a more extended ex- 
perience with the operation for carcinoma of 
the rectal ampulla with attempts at preserva- 
tion of sphincteric function. Whereas experi- 
ence with this latter operation still has been 
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small, nevertheless, it has been adequate to 
indicate that, in suitable cases, radical ex- 
cision of the lesion with preservation of 
sphincteric function is a feasible and practi- 
cal procedure. 


HOSPITAL MORTALITY IN PRIMARY 
RESECTION OF COLON AND RECTOSIGMOID 


The earlier report referred to above em- 
braced a 2 year period, during which time 61 
patients underwent colonic resection with 1 
hospital death. During the 19 month interval 
which has elapsed since that report (April, 
1943 to November 1, 1944), an additional 78 
patients have undergone resection of the colon 
including the rectosigmoid. All were primary 
resections, save 2, in which exteriorization 
was done. One of these had a volvulus of the 
pelvic colon; the other, an inflammatory lesion 
in the transverse colon. There were 6 deaths 
in the group, 3 of which are classified as un- 
avoidable, 2 the result of peritonitis, and 1 
of pneumonia. 

Avoidable deaths. In 1 of these patients, 
primary resection was undertaken at the time 
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TABLE I.—HOSPITAL MORTALITY 












































A. Primary Resection Colon and Rectosigmoid B. Ampullary Resection 
No. of Hospital Mortality Unavoidable No. of Hospital Mortality Unavoidable 
patients deaths Per cent deaths patients deaths Per cent deaths 
Series I 
4-1-1041 
to 61 I 1.6 ° 7 I 14.2 ° 
4-1-1943 
Series II 
4-1-1043 
to 78 6 7.6 3 20 I z I 
II-I-1944 
Total 139 7 5. 27 2 7-4 
Combined 166 9 5-4 
(colon & rectum) 





























of decompression of the colon for acute ob- 
struction. This patient had a malignant 
growth in the pelvic colon with great disten- 
tion. It obviously was a mistake in this in- 
stance to have undertaken decompression of 
the colon and primary anastomosis at the 
same time. The success of primary resection 
without antecedent or complemental colos- 
tomy in the earlier series suggested that it 
might be feasible to deal with the obstructed 
colon in the manner in which the obstructed 
small bowel is managed at operation by asep- 
tic decompression suction enterotomy (32). 
Upon decompression the edematous walls of 
the obstructed colon, however, appear to sep- 
arate into layers, making suture somewhat 
difficult. This occurrence was noted too in a 
subsequent case, in which primary resection 
of the pelvic colon was undertaken soon after 
spontaneous decompression of an enormously 
distended colon. 

The other death from peritonitis occurred 
in a patient with a dubiously operable lesion, 
adherent to the urinary bladder, and the 
anterior as well as the posterior abdominal 
wall. In the light of the extensive operation 
undertaken in this patient, it might have been 
well to have made a complemental colostomy. 
Obviously, in the case of the patient with the 
acute obstruction an antecedent colostomy 
should have been carried out. 

One of the avoidable deaths requires special 
comment; it occurred in an obese elderly man 
with carcinoma of the transverse colon, who 
also had a moderately active diverticulitis of 
the pelvic colon causing some symptoms. Pri- 
mary resection of the transverse colon was 


done, the patient dying of pneumonia. In this 
patient, an exteriorization operation prob- 
ably would have been tolerated better; it too 
would have been better treatment for the 
diverticulitis. The only other alternative 
would have been to excise the major portion 
of the colon, anastomosing cecum to the ter- 
minal pelvic colon, an operation even more 
formidable than the one the patient did not 
survive. It would have possessed the ad- 
vantage, however, of ridding the patient of the 
complicating diverticulitis. 

The most complicated resections in this 
series of colon cases are constituted by the 
transverse colon group. Of the 12 patients in 
the group, 7 had simultaneous resection of the 
stomach, pancreas, or other viscus. In these 
7 patients, the primary lesion was a gastric 
lesion, a gastrojejunocolic fistula or a car- 
cinoma with invasion of the transverse colon. 
The case referred to was the only death in the 
transverse colon group. 

The operative mortality for these two periods 
of study is summarized in Table I. For the 
earlier period, the operative mortality was 
1.6 per cent, for the latter 7.6 per cent, for 
both periods together, 5 per cent. It is to be 
noted, however, that there were no unavoid- 
able deaths in the first period, whereas in the 
latter there were 3 (see Table I). In any series 
of patients operated upon for visceral malig- 
nancy, this item of unavoidable deaths looms 
large (35). An element of unusual good for- 
tune attended our efforts in the first series in 
which there were no deaths from unavoidable 
causes; in the latter series, half of the deaths 
(3 out of 6) were unavoidable. 
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Unavoidable deaths. The unavoidable deaths 
were due to: (1) heart failure in an obese 
badly decompensated patient with a large in- 
vasive lesion of the rectosigmoid; (2) arterial 
thrombosis of both renal arteries in a decom- 
pensated patient who underwent primary re- 
section for cancer of the pelvic colon; (3) an 
unexplained sudden death in a diabetic (not 
insulin shock as far as the record indicates), 
approximately 48 hours after an easy primary 
resection for carcinoma of the pelvic colon. 


HOSPITAL MORTALITY IN 
AMPULLARY RECTAL RESECTION 


Since the former report, 20 additional pa- 
tients have been operated upon with a view to 
preservation of the rectal sphincters; of these, 
one, a man of 80 years, died during the post- 
operative period, of coronary thrombosis, a 
mortality of 5 per cent. Of the 7 operated up- 
on in the initial series, 1 died of pyelonephritis 
and oliguria through the injudicious adminis- 
tration of sulfathiazole, a mortality of 14.2 
per cent. The mortality for both series, 2 
deaths in 27 patients, is 7.4 per cent.! 


ARBITRARY SURGICAL DEFINITION OF DIVISION 
OF LESIONS OF RECTOSIGMOID AND RECTAL 
AMPULLA 


The arbitrary surgical definition of division 
of lesions of rectosigmoid and rectal ampulla 
was discussed in the previous report and the 
problem was resolved by placing the point of 
division at 10 centimeters from the anus (Fig. 
1). Increased experience shows this to be a 
satisfactory arbitrary divisional point. In re- 
sections of the rectosigmoid and rectal am- 
pulla, I have set myself the task of trying to 
excise routinely a minimum of 3 centimeters 
of normal mucosa beyond the most distal pal- 
pable margin of the tumor at operation, a task 
easier of accomplishment in lesions of the rec- 
tosigmoid than for cancer of the rectal am- 
pulla. In the excised rectal specimen the 
pathologist not infrequently indicates that the 
margin of normal mucosa on the distal side of 
the tumor is less than 3 centimeters. This dif- 
ference is due, in part, to retraction and short- 
ening following division; yet these short seg- 

1Eight additional primary ampullary resections for low-lying lesions 


have been done without mortality. In the 35 patients operated upon 
to date, therefore, the hospital mortality is 5.7 per cent. 
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Fig. 1. Arbitrary definition of surgical divisional point 
distinguishing lesions of the rectosigmoid from the rectum. 
Lesions whose lower visible or palpable edge is more than 
10 centimeters from the pectinate line are classified as 
rectosigmoidal; those in which the lower palpable or visible 
edge of the tumor is within ro centimeters (or less) of the 
pectinate line are grouped as ampullary rectal lesions (see 
text). The rectum of the adult is described by anatomists 
as being ordinarily 13 to 15 centimeters in length. (Re- 
printed from Surgery, 1943, 14: 403.) 


ments of normal mucosa beyond the rectal 
lesion on the excised specimen accompanied 
by an adequate length of normal mucosa on 
the proximal side of the tumor indicate some 
of the difficulties that beset the surgeon in 
meeting satisfactorily the requirement of ad- 
equate and complete excision of the lesion by 
ampullary resection. 

As stated in the initial report, rarely is it 
necessary in lesions whose lower limit is more 
than ro centimeters from the anus to mobilize 
the rectum extensively posteriorly in order to 
establish intestinal continuity. On the con- 
trary, in lesions below 10 centimeters, regu- 
larly, it becomes necessary to mobilize the 
rectum by division of the middle hemorrhoidal 
arteries and posterior mobilization to the tip 
of the coccyx in order to permit of re-estab- 
lishment of intestinal continuity by suture. 
Furthermore, there appear to have been no 
special problems of wound healing attending 
resection in Jesions whose lower proctoscopic 
limit was more than 10 centimeters from the 
anus; whereas primary healing occurred only 
in a minority of the cases in which intestinal 
union was effected by suture in lesions lying 
less than 10 centimeters from the anus. This 
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Fig. 2. The rectum and colon pelvinum. The latter, 
once recognized as a part of the rectum, now is accepted 
generally as constituting a part of the pelvic colon. As this 
sketch, redrawn from Corning’s Anatomy indicates, the 
rectum is not straight. Mobilization of the deep antero- 
posterior curve succeeds in elongating the rectum. 


report will concern itself particularly with the 
experiences gained in this clinic with the prob- 
lem attending resection of low-lying lesions, 
re-establishment of intestinal continuity, and 
preservation of sphincteric function. 


CAUSES OF POOR WOUND HEALING IN 
RESECTION OF AMPULLARY RECTAL LESIONS 


Granted satisfactory suture, primary heal- 
ing is the rule in all resections of the colon and 
the rectosigmoid. The primary difficulty un- 
doubtedly with the low-lying lesions is the vas- 
cular factor. That is, mobilization of the rec- 
tum to the tip of the coccyx accompanied by 
division of the middle hemorrhoidal arteries 
compromises satisfactory vascularization of 
the lower segment. Furthermore, separation 
of the rectum from the sacrum leaves a space 
posteriorly in which fluid will accumulate un- 
less provision is made for drainage. 

In resections of the stomach, small intes- 
tine, or colon, the surgeon may determine 
readily by proximity of blood vessels to the 
segments to be anastomosed as well as by the 
color whether blood flow will be adequate. The 
situation in low-lying rectal lesions with re- 
pect to resection is not unlike that of total 
gastrectomy done from within the abdomen. 


As has been indicated elsewhere, gastric re- 
sections up to 95 per cent may be done with- 
out special increase of risk above that assumed 
in the elective 75 per cent resection performed 
for ulcer (33). When, however, the stomach 
is excised completely, the mobilized esophagus 
is deprived of a portion of its blood supply, 
coming from phrenic and gastric vessels. 
Whereas a satisfactory suture can be made 
readily in total gastrectomy, unless the esoph- 
agojejunal anastomosis is covered in the man- 
ner described by me in 1937 (31) and again by 
Graham in 1940 (14), fistula formation late in 
convalescence with development of a sub- 
phrenic abscess is not unusual. 

In ampullary resection, there is no oppor- 
tunity to cover the suture line posteriorly. 
And anteriorly, it is not an easy matter; this 
item will be referred to again with reference to 
rectovaginal fistula. As far as I can know or 
ascertain by rectal examination during con- 
valescence after ampullary rectal resection, in 
those instances in which a defect occurred in 
the suture line, the fistula usually was on the 
posterior rectal wall. 


CHOICE OF PROCEDURE IN 
AMPULLARY RECTAL RESECTION 


In the initial report 3 methods of re-estab- 
lishing intestinal continuity were described: 
(1) the Hochenegg “pull-through” method 
with Whitehead excision of the mucosa in the 
remaining distal segment; (2) the Hochenegg 
“pull-through” method leaving the rectal 
mucosa in the distal segment; (3) anastomosis 
of the proximal and distal segments through a 
proctoscope. 

In the present series, all of these three 
methods have been employed. I have come to 
feel, however, that the best method of re- 
establishing intestinal union in ampullary 
rectal resection is by the direct suture method 
made from within the abdomen by the method 
depicted in Figure 7. Thirteen of the 20 pa- 
tients in this series were operated upon by the 
direct suture method. Strange as it may seem, 
after mobilization of the rectum, anastomosis 
may be effected by employment of straight 
clamps and a single row of fine silk Lembert 
sutures as close as 5 centimeters from the anus. 
Obviously, it is not an easy anastomosis, but 





b- 





WANGENSTEEN: PRIMARY RESECTION OF RECTAL AMPULLA FOR CANCER 5 





# 
Fig. 3. The technique of ampullary rectal resection: 
a, left, delineation of peritoneal flaps; b, right, division of 





an advantage of this method over anastomosis 
through the proctoscope is that it may be 
made as a closed anastomosis. It possesses 
the advantage over the “‘pull-through” meth- 
od that the proximal segment need not be so 
long; in other words, the suture method does 
not risk necrosis of the proximal segment or 
retraction as does the Hochenegg “pull- 
through” method. 

The rectum, when empty, is not straight as 
its name implies (Fig. 2). There is a deep 
posterior curve and at least two lateral curves. 
Not uncommonly, therefore, when the rectum 
is mobilized fully, the clamp may be applied 
at the conventional 3 centimeters beyond the 
lesion permitting resection and anastomosis to 
be carried out at approximately the same level 
as the distance which initially separated the 
anus and the lower limit of the lesion as de- 
termined by palpation and proctoscopic ex- 
amination. 

The patients upon whom ampullary rectal 
resection has been done have been wholly un- 
selected. That is, the operation has been done 
on every patient with carcinoma of the rectal 
ampulla in whom it was technically feasible 
to do it. Obviously, in several instancés the 





the superior hemorrhoidal artery at the sacral promontory 
together with division of the pelvic mesocolon. 


operation was undertaken as a palliative pro- 
cedure; in some of these, as the experience re- 
ported herein will indicate, ampullary resec- 
tion is not a good operation in that in large 
circumferential lesions exhibiting local inva- 
sion and fixation of the tumor ampullary re- 
section is followed frequently by local recur- 
rence. 


TECHNIQUE OF PRIMARY RECTAL 
AMPULLARY RESECTION 


The operation is carried out with the patient 
in steep Trendelenburg position. Miss Daisy 
Stilwell, medical artist, has prepared the ac- 
companying lucid drawings of the operative 
procedure (Figs. 2 to 8) from sketches made 
after looking over my shoulder at two such 
operations. They illustrate the technique of 
the operation far better than I can describe it. 
The details of the operative procedure up to 
point of applying a clamp to the distal seg- 
ment are identical with those of the abdomi- 
noperineal operation and consist of the follow- 
ing: (1) delineation of peritoneal flaps lateral 
to the colon; (2) isolation, division, and liga- 
ture of superior hemorrhoidal vessels at the 
sacral promontory (Fig. 3b) ; (3) division of the 
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Fig. 4. a, left, Division of the bowel with cautery be- 
tween two large clamps. A right-angled clamp is placed 


colon and pelvic mesocolon (Fig. 4a); (4) mo- 
bilization of the rectum to insure excision of 3 
centimeters of rectal mucosa beyond the lesion 
(Fig. 5a, b) and application of the clamp on 
the distal segment (Fig. 6a); (5) preparation 
of the proximal segment for the anastomosis 
(Fig. 6d, e); (6) anastomosis with a single row 
of fine silk Lembert sutures (Fig. 7); (7) 
through a short vertical perineal incision made 
directly in front of the coccyx, the drawing 
down from the presacral space of a Penrose 
drain (Fig. 8a, b); (8) placement of a No. 22 
rectal tube through the anastomosis; (9) ex- 
traperitonealization of the anastomosis and 
closure of the pelvic floor (Fig. 8c, d), with su- 
ture of the lower portion of the peritoneal flaps 
beneath the colon, and suture of the lateral 
margins of the colon to the peritoneum again, 
thus effecting double closure of the pelvic floor. 
Great pains are taken to make an effective clo- 
sure of the pelvic floor. The peritoneum is 
mobilized adequately to obviate tension, and 
interrupted silk sutures insure firm union. 
Cyclopropane supplemented by periodic 
small intravenous injections of curare has been 
the usual anesthetic agent. A moderately 
long, vertical midline subumbilical, or a para- 


on the lower segment. b, right, Lower segment of pelvic 
colon pulled anteriorly over bladder. 


median rectus, incision is employed.’ The 
wound is closed with interrupted sutures of 
fine silk. 

In the earlier cases, in which the Hochenegg 
“pull-through” operation combined with the 
Whitehead procedure was employed of mobil- 
izing the normal rectal mucosa beyond the 
lesion through the anus, it became necessary 
to operate alternately from below and above. 
In order to facilitate that procedure the pa- 
tient was draped on the table with the legs 
flexed somewhat. This position created a rather 
awkward situation, particularly for a right- 
handed first assistant, who then found it nec- 
essary in the abdominal part of the operation 
to reach across the partially flexed right thigh 
of the patient with his right hand. Mr. John 
A. Phelan of the scientific apparatus shop in 
the university then built for me a wall and 
ceiling windlass which permitted the legs to be 
flexed or let down at will. Dropping the foot- 
board of the operating table permitted access 
to the perineum from below. However, the 


1During the past few months T have employed a vertical midline in- 
cision in the lower part of the abdomen; when the posterior rectus 
sheath is encountered, the incision is directed obliquely to the left 
transecting the muscles of the abdominal wall. This incision can be 
closed without tension and promises to afford protection against her- 
nial defeets in the wound. 
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Fig. 5. a, Posterior blunt separation of rectum 
from parietal pelvic fascia in front of sacrum. Lower 


abdominal suture method of ampullary resec- 
tion described herein has made use of the 
windlass less important. 


THE QUESTION OF COLOSTOMY 


In colon resections. In this clinic, antecedent 
or complemental colostomy has been reserved, 
with few exceptions, for the patient with acute 
obstruction of the colon. Many patients with 
mild symptoms of colonic obstruction have 


part of this separation is completed usually by sharp 
dissection. b, Blunt separation of the rectum from 
the bladder and vagina anteriorly, reinforced by 
sharp dissection as needed. c, Lateral dissection 
and division of middle hemorrhoidal vessels in the 
lateral stalks or fascial attachment of the rectum. 
d, Ligature of the hemorrhoidal vessels employing 
the “inverter” to carry the ligature down. 


been treated by an indwelling tube and large 
doses of mineral oil permitting resection and 
primary anastomosis. My associate, Dr. Clar- 
ence Dennis (7), has called attention to the 
hazard of bringing about obstruction by the 
administration of a barium enema to patients 
presenting threatening signs of obstruction. 
In this clinic, routine practice for some time in 
lesions throughout the entire colon, including 
the rectosigmoid, has been to perform resec- 
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Fig. 6. a, The anastomosis clamp has been applied to 
the distal segment transverse to its axis and a right-angled 
clamp is applied proximally, the rectum being cut between 
with the cautery. b, Situation before rectum is freed up 
adequately posteriorly. c, After freeing the rectum by 
sharp dissection posteriorly, the proposed site of section 
of the rectum is indicated. d, Preparation of the upper 
segment of the proximal pelvic (sigmoid) colon for the 


tion and primary anastomosis without ante- 
cedent or complemental colostomy.' The regu- 
larity with which primary union takes place 
suggests definitely that colostomy is un- 
necessary. 

An indwelling duodenal tube is allowed to 
remain in situ for 4, and occasionally 5, days 
after operation. Our experience is that the 


1The presence of feces in the colon, encountered at operation, proxi- 
mal to a stenosing lesion does not contraindicate performance of 
primary anastomosis without colostomy. Several such primary resec 
tions have been done without subsequent difficulty. Obstruction ac- 
companied by distention, however, demands a preliminary external 
decompressive vent. 








anastomosis; all fatty epiploic appendages are removed. 
c, Application of the anastomosis clamp at an oblique 
angle, the width of bowel engaged in the clamp equalling 
the measured width in centimeters of the rectal segment. 
f, Suture “inverter”; its use for this purpose is indicated 
in Figure 7d; its use in carrying ligatures down to the deep 
lying vessels is shown in Figure sd. g, The anastomosis 
clamps. 


indwelling duodenal tube is superior to the 
Miller-Abbott tube in the control of post- 
operative distention. As has been repeatedly 
pointed out, however, it is important to em- 
ploy suction during the induction of anes- 
thesia and during the operation as well as in 
the early postoperative period. In other 
words, effective use of the indwelling duodenal 
tube is the best prophylaxis against disten- 
tion. The superiority of the Miller-Abbott 
tube in the treatment of acute obstruction of 
the small intestine or in instances of mild 
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colonic obstruction not demanding early oper- 
ation is admitted freely. 

In ampullary rectal resection, however, em- 
ployment of complemental colostomy prob- 
ably will be needed in unobstructed cases 
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Fig. 7. a, The clamp on the proximal pelvic 
(sigmoid) colon and the clamp on the rectal seg- 
ment have been opposed and fastened in position 
with the locking device. Placement of the su- 
tures. No. ooo0 Deknatel interrupted silk suture 
(test strength 2 lbs.) is employed mounted on 
fine eye needles (Anchor Series 1833-1 or 1833-2). 
The sutures are 24 inches (60 cm.) in length; 
a long needle holder is necessary to place the 
sutures which are of the Lembert type. The 
wound is too deep and small to permit use of the 
Halsted mattress suture which is employed rou- 
tinely in all other colonic anastomoses. b, The 
details of the suture. Each suture is clipped sep 
arately with a fine hemostat. c, Both anterior 
and posterior rows of sutures have been placed. 
The clamp on the pelvic colon is removed first; 
the sutures are pulled taut, aided by slight 
pressure from a small “‘thumb-sponge”’ mounted 
on a Carmalt hemostat. Then the clamp on the 
rectal segment is removed and the sutures are 
tightened again. d, Tying the sutures; if inver- 
sion is unsatisfactory at any point, pressure upon 
that suture with the ‘‘inverter” (see Fig. 6f) and 
placement of another suture on each side of it 
will insure satisfactory inversion. 


more frequently than in primary resection of 
the colon and rectosigmoid. In this series of 
cases, particularly in those operated upon 
after the Hochenegg “‘pull-through” plan, sup- 
plementary colostomy because of persistent 
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Fig. 8. a, Incision in the perineum just anterior to the coccyx. b, A Penrose drain is drawn through 


from below. 


fever became necessary in several patients— 
owing to retrorectal infection (Fig. 9). In the 
main, however, our present plan is to try to 
effect primary anastomosis by a single row of 
interrupted silk sutures, elongating the peri- 
toneal cul-de-sac by suturing the peritoneal 
flaps beneath the colon and draining the resid- 
ual presacral space through a small incision in 
front of the coccyx (Fig. 10). Whereas, as has 
been indicated, a temporary fistula occurred 
in the larger number of these cases, primary 
healing without evidence of fistula took place 
in 4 of 13 patients operated upon by the pri- 
mary intra-abdominal suture method. In 2 of 
the 13 patients in this group, a supplemental 
colostomy was made because of the occur- 
rence of a rectovaginal fistula. Slight eleva- 
tion of temperature ordinarily heralds the 
occurrence of a leak in the suture line. Often 
there is no systemic reaction. Some fecal ma- 
terial usually comes away through the drain- 
age vent. The sinus is irrigated two or three 
times a day. When the patient becomes afeb- 
rile or when it is clear that the leak in the 
suture line has occasioned no untoward symp- 
toms, the drain is withdrawn. In a few days 
the external fistulous opening closes spontane- 


ously and the small retrorectal abscess cavity 
becomes obliterated and the defect in the rec- 
tal wall heals. The No. 22 rectal tube threaded 
past the anastomosis at the time of operation 
is allowed to remain in place for nearly a week; 
3 days after operation it is withdrawn a centi- 
meter to obviate the possibility of the tip of 
the tube pressing upon the wall of the pelvic 
colon, causing pressure necrosis. Three days 
later the tube is withdrawn. In resections of 
the terminal pelvic colon, in which the rectum 
is not mobilized posteriorly, no attempt or- 
dinarily is made at operation to pass a rectal 
tube beyond the anastomosis, for too often 
easy entry of the tip of the tube into the pelvic 
colon is prevented by Houston’s valves. 


SULFONAMIDES UNNECESSARY 


As was indicated in the earlier report, the 
only preoperative preparation of the colon 
and rectum employed in this clinic is the pre- 
operative administration of enemas preceded 
by the liberal oral administration of mineral 
oil. It is an empty bowel that is desired. It 
has not been our practice to employ succinyl 
sulfathiazole in colonic or rectal surgery. 
Moreover, the local implantation of small 
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Fig. 8. c, left, The peritoneal flaps are sutured together 
beneath the pelvic (sigmoid) colon, deepening the perito- 
neal cul-de-sac. d, right, The closure of the pelvic peri- 
toneum is completed by suturing the lateral peritoneal 


amounts of sulfathiazole referred to in the 
earlier report has been abandoned. In those 
instances, in which a urethral catheter is em- 
ployed, small daily doses of sulfadiazine are 
given in the early postoperative period to 
thwart urinary tract infection. 


DIETARY MANAGEMENT 


All patients are fed a high protein and car- 
bohydrate and low fat diet for a few days 
prior to operation. In patients who have lost 
considerable weight, the preoperative dietary 
preparation must be long enough to permit 
the lipotropic action of such a diet to rid the 
liver of its excess fat—for patients with fatty 
liver stand operation poorly. The details of 
this management have been described else- 
where (29, 30, 33): 


THE OCCURRENCE OF RECTOVAGINAL FISTULA 


We have learned that drainage through the 
vagina is inadvisable in any of the methods of 
ampullary rectal resection. If perirectal sup- 
puration occurs, a persistent rectovaginal 
fistula may follow. Moreover, a spontaneous 





flaps to the edges of the bowel wall, thus effecting a double 
closure of the peritoneal floor at the site of emergence of 
the pelvic colon. At the same time the anastomosis is ex- 
traperitonealized. 


rectovaginal fistula has been observed twice 
without drainage of the vagina. My colleague, 
Dr. John L. McKelvey (17), professor of ob- 
stetrics and gynecology (1944), informs me 
this occurrence is probably owing to the de- 
pendence of the posterior vaginal wall on the 
blood flow from the middle hemorrhoidal ar- 
teries which are divided regularly in the opera- 
tion of rectal resection, an expression which 
finds confirmation in the anatomical observa- 
tions of Quenu (24, 1893). The distribution 
of the branches of the middle hemorrhoidal 
arteries is principally upon the anterior wall 
of the rectum above the levatores, while the 
branches of the inferior hemorrhoidal arteries 
are dispersed largely upon the posterior wall 
below the levatores (Cunningham). There is 
no marginal artery of the rectum as in the 
colon. As the three hemorrhoidal arteries 
reach the rectal wall, they break up into 
branches which are distributed over and 
through the rectal wall. 

Lately, in adherent lesions in the female, I 
have excised the uterus and the upper portion 
of the vagina coincident to re-establishing 
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Fig. 9. Mucosa of the pelvic colon projecting through 
the anal canal in the Hochenegg “‘pull-through” operation 
(Table II, Case 7). Survival of this segment is not always 
predictable (see text). This cuff of protruding bowel is cut 
off late in convalescence, flush with the sphincter. 


intestinal union in ampullary resection, thus 
insuring better removal of the tumor and 
avoiding simultaneously the hazard of a rec- 
tovaginal fistula. In a recent case after sucha 
procedure, primary union occurred, the suture 
line being 5 centimeters from the anus (Fig. 10). 
ARTERIES OF THE RECTUM 

Steward and Rankin (1933) give a good ac- 
count of our available knowledge on the blood 
supply of the lower colon and rectum. Quenu 
(1893) and Drummond (1914) have both 
stressed the inconstancy of well developed 
anastomosing vessels between the middle 
hemorrhoidal and the superior hemorrhoidal 
arteries above the levatores, on the one hand, 
and between branches of the middle hemor- 
rhoidal and branches coming from the inferior 
hemorrhoidal beneath the levatores on the 
other. The latter communication is even 
more feeble than the former. 





Fig. 10. Drainage site proximal to coccyx in ampullary 
rectal resection by suture. Healing occurred without a 
temporary fistula in this instance (Table IT, Case 24). 


In one of 13 dissections, Quenu failed to 
demonstrate any communication between 
branches of the superior and middle hemor- 
rhoidal arteries on the rectal wall; in the re- 
maining 12, the communication was unilateral 
and not with inosculating branches on both 
sides of the rectum as one might expect. 
Drummond believes the middle hemorrhoidal 
artery to be an inconstant vessel inasmuch as 
he was able to demonstrate its presence em- 
ploying the x-ray injection technique only 
3 times in 12 specimens. His skiagrams em- 
phasize the importance of the superior hemor- 
rhoidal artery in vascularizing the rectum. 

(Quenu states that the middle sacral artery 
gives off usually three small branches at the 
level of the last sacral vertebra to the posterior 
aspect of the rectum. Pope and Buie (1929) 
describe a retrorectal plexus to which small 
branches of the middle sacral artery supply 
inconstant components. 

The superior hemorrhoidal is the chief 
artery of the rectum and inasmuch as the 
paired middle and inferior hemorrhoidal ar- 
teries are variable and inconstant, it is under- 
standable that, attending division of the su- 
perior and middle hemorrhoidal arteries in 
ampullary rectal resection, difficulty with 
wound healing and temporary rectal fistula 
are not uncommon. It has been pointed out 
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previously that Sudeck’s (1907) critical point 
has no importance in excision of the colon 
pelvinum and the upper rectum. Prob- 
ably only in the “pull-through” operation is 
Sudeck’s critical point really important. In 
that procedure, as has been pointed out, the 
proximal pelvic colon must be several centi- 
meters longer than is necessary in ampullary 
resection by the primary suture method. 
Whereas the bowel is usually long enough, the 
primary difficulty with the “pull-through” 
maneuver relates to the shortness of the vessels 
in the mesentery, despite all efforts at length- 
ening them. If the sigmoid ima artery is cut 
the marginal vessels along the mesenteric bor- 
der of the colon may be inadequate to vascu- 
larize it. In consequence, necrosis and retrac- 
tion of the segment drawn down through the 
anus may occur. As in ampullary rectal re- 
section, the superior hemorrhoidal artery is 
divided also in rectosigmoid resections; how- 
ever, in the latter operation, the communica- 
tions between the terminal branches of the 
superior hemorrhoidal and the middle hemor- 
rhoidal on the rectal wall are not disturbed 
and difficulty with wound healing does not 
occur. 


AMPULLARY RESECTION FOR 
ULCERATIVE COLITIS 


Three of the 27 patients in whom ampullary 
resection was done had ulcerative colitis. The 
remaining 24 had cancer of the rectum. In 1 
of the 3 patients with ulcerative colitis, there 
was a localized lesion extending from g to 14 
centimeters from the rectum, permitting am- 
pullary resection with anastomosis to the 
proximal portion of the pelvic colon; in an- 
other, the whole colon was involved and a rec- 
tal stricture was present 10 centimeters from 
the anus (Fig. 11, specimen 8); in this instance 
the end of the ileum was sutured to the ter- 
minal rectum. In the third patient, referred to 
in the initial report, the whole colon and rec- 
tum were involved, necessitating complete 
excision of both, the problem being resolved 
by pulling the ileum down through the exter- 
nal sphincter after the Hochenegg ‘‘pull- 
through” method, accompanied by White- 
head excision of the rectal mucosa from the 
distal segment. Primary healing did not occur 
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in any of these 3 patients.’ Rectal function has 
been quite satisfactory in the first 2 patients. 
As was indicated in the first report, in the in- 
stance of the patient with complete colectomy 
and proctectomy, recourse had to be had to a 
secondary ileostomy. This patient can retain 
4 ounces of water administered by a rectal 
tube fora period of 8 minutes without too great 
difficulty, and the prospect of again re-estab- 
lishing intestinal continuity appears not un- 
likely. If the Whitehead excision of mucosa 
from the distal segment had not been em- 
ployed, the prospect of satisfactory rectal 
function in this patient undoubtedly would 
be even better. 

Sphincteric function. Ampullary resection 
was undertaken in 27 patients; of these, 2 died 
in hospital. In 2 of the remaining 25 patients 
surviving ampullary resection, in whom a sup- 
plemental colostomy became necessary, no 
opportunity was afforded to test sphincteric 
function; one of these, Mrs. M. R., Univ- 
Hosp. No. 743136, aged 68 years, had hepatic 
metastases and a growth adherent to the cer- 
vix and posterior vaginal wall. A local recur- 
rence precluded secondary closure of the 
colostomy and excision of the two hepatic 
nodules. Additional experience has suggested 
the advantage of excising the uterus and the 
upper portion of the vagina in such patients. 
The other patient, Mrs. P. R., Univ. Hosp. 
No. 746841, aged 68 years, developed evidence 
of a pyelonephritis after leaving hospital and 
died 2 months after operation of a pulmon- 
ary embolus. The predisposition of patients 
having colostomy to development of urinary 
tract infection appears to be well established. 

Of the remaining patients, sphincteric func- 
tion appears to be satisfactory in the majority. 
All the patients in the group have been fol- 
lowed and observed from time to time. In 
order that patients might not be persuaded to 
give more favorable replies at the time of 
examination than the situation warrants, the 
following inquiry was sent to all patients hav- 
ing had ampullary resection: 

1. Is the rectal control satisfactory? 

2. Are there periods when the control is 
not satisfactory? 

1An additional patient with ulcerative colitis has recently undergone 


colectomy and partial proctectomy with end-to-end union between 
ileum and rectum with primary union. 
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IN 27 PATIENTS UNDERGOING AMPULLARY RECTAL RESECTION* 





TABLE II.—RESUL’ 






















































































| Length 
| Distance , ' of :; 
Name and | <.. . Supple. | hospita Sibiiciitie e nen 
oon ws ‘ ‘i —_ | Character of lesion = | Complications _. . roe F oo a 
Rumer anus— tomy oper- 
| cm | ation 
days | 
| 
I. Hochenegg ‘Pull-Tnrough” with Whitehead Excision of Mucosa of Lower Segment 
1. Mrs.B.A. | F } 10 B None | Temporary stricture, 37 Very good | Well 
721881 | 40 Ul ‘erative lesion, also thrombophlebitis | 
| rectal polyp | 
Weight 237 gm. 
| Length 26cm. 
2. Mr.F.C M 8 | Cc None Temporary stricture 30 Good Well 
721978 79 | Ulcerative lesion 
| Weight 200 gm. 
Length 39cm. 
3. Mr.R.L. | M } Cc None Temporary stricture 17 Good Well 
722751 | 63 Sessile growth 
| Weight 195 gm. 
| Length 23 cm. 
3. Mr.C.E. | M ° Ulcerative colitis; colec- | Leos- Posterior space 84 Holds 4 0z. | Well. Still has ileostomy 
684051 160 tomy, proctectomy | tomy infection 8 min. 
} Anatomic 
| result good 
5. Mr.N.F M } fy None Pyelonephritis, No observa- | Died 12th day postoperative 
723502 Ulcerative lesion oliguria from | tion 
Weight 500 gm. sulfonamides 
Length 25 cm. 
6. Mr.C.W M | 6 | = None Temporary stricture 20 Good Died of recurrence 15 
729462 59 | | Sessile growth adherent to months after operation 
| base of bladder. 
Weight 110 gm 
Length 12cm. 
7. Mrs.E.L. | I | 5 B Yes Posterior space 28 Fair. Wears | Well. Colostomy closed 
737846 =| 69 Ulcerative lesion infection incontin- 
| Weight 115 gm. ence pad. 
| | Length 13 cm Anatomic 
result good 
8. Mr.P.M | M | 10 € : Prelim- | Diabetes, toxic goiter,! 28 Fair Well. Excision of hepatic 
740083 | 6x | | Constricting circumferen- inary | perirectal abscess metastases. Colostomy 
| | tiallesion. Large single | for ob closed 
| | | metastasis toliver | struc- } | 
Weight 310 gm | tion | | 
Length 19cm. 
Il. Hochenegg‘‘Pull-Through” Leaving Mucosa in Distal Segment 
9. Mrs.A.L. | F | 10 c None None 28 Good Recurrence of lesion, subse 
722707 | 66 | Annular, ulcerating gela- quent abdominoperineal 
| | tinous carcinoma, lesion | operation with recurrence 
| | 7x9cm 
Weight 410 gm 
| Length 22cm. | 
ro. Mr.H.S M | 9 Cc Yes Obesity diabetes 24 ir. Wears | Well. Closure of colostomy. 
683484 69 | Broad circumferential incontin- Mild senile psychosis evi 
lesion ence pad dent even before operation 
Weight 205 gm 
Length 13 cm 
III. Suture Anastomosis through Proctoscope 
11. Mrs.F.V.| F 6 B None None 18 | Excellent Well 
730072 30 Ulcerating circumferential 
lesion 
Weight 190 gm. 
Length 17cm 
12. Mrs.J.O. | I 6 c | Yes Posterior space infec- 42. | Good Well. Closure of colostomy. 
734753 04 Ulcerative lesion | tion. Drainage Slight, persistent drainage 
Weight 200 gm. through vagina. | through vagina 
Length 25 cm. | Rectovaginal fistula 

















*Four types of operation; Duke’s classpathological ification indicating weight and length of excised segment. 
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] ] 
Length 
Distance | i 
t. : f S le- ospital 
Name and | Sex x. pon ca | stay Sphincteric Prese é 
ee Se: $ a alin al al . Eee ae | Sphincteric Present status, 
oe Age| from Character of lesion colos- Complications | after function remarks 
anus- tomy oper- 
cm. | ation 
| | days | | 
| | | 
II. Suture Anastomosis through Proctoscope—Continued 
13. Mr.L.F. M 9 c Yes | Obesity, posterior 29 Good Cc alate of seein: :E xci- 
737235 51 Large circumferential ul- space infection sion of hepatic metastases 
cerating lesion. Metas Death from recurrence 10 
tases to liver. | months postoperative 
Weight 195 gm. | 
| } Length gcm. | } } 
IV. Primary Closed Anastomosis (Suture from Above) 
14. Mrs.E.E.| F 8 B None | None 10 | Excellent | Well 
734032 66 Ulcerating polypoid lesion | | 
Weight 182 gm. | | | 
| Length 25 cm. | | | 
15. Mrs.R.V.| F 8 | B Yes Posterior space | 47 | Excellent. Well 
740745 42 | Ulcerated lesion. | infection | Colostomy 
| Weight 145 gm. closed 
| Length 11cm. 
16. Mr.T.D.| M 10 B None Postoperative throm- | 24 Excellent Well 
741423 45 | Ulcerating sessile lesion. bophlebitis 
Veight 70 gm. | | 
Length ocm. | 
17. Mrs.M.R.| F | 6 | ; Yes Pc ‘osterior space  infec- 28 No observa- | Died 6 mo. after operation. 
743130 68 | Broad circumferential ul- tion. Rectovaginal | tion Hepatic metastases not 
| cerated sessile growth fistula excised 
Weight 240 gm. | 
| Length 27 cm. | | 
| 
F 10 _| Ulcerative colitis. Remov-| Ileos- | Posterior space | Excellent Well. Ilecstomy closed — 
| 19 | al of entire colon and tomy | infection | 
| | | upper rectum | | | 
19. Mr. L Cc. |M | 3 B | None None | No obser- | Died sth posteperative day, 
744016 80 | Ulcerative circumferential | vation coronary thrombosis 
lesion } | 
Weight 165 gm. | 
| | | Length 20cm. | 
20. Mrs.C.L.| F 6 Cc None | Obesity, postoper- 62 Good save Well. Recent unsuccessful 
744032 65 | Sessile ulcerating lesion; | ative infection. Rec- for recto- repair of rectovaginal 
also polyp. tovaginal fistula vaginal | fistula 
Weight 190 gm. | fistula | 
| Length 19 cm. } 
21. Mr.0.C. | M 6 | c | None | F ‘Posterior space 17 Good until | Local recurrence which re- 
744375 78 | Large circumferential ad- infection recurrence | sponded to radium 
herent ulcerative lesion. 
Weight 280 gm | 
Length 25 cm. | 
22. Mr J. C. M | 10 B | None Posterior 25 E xcellent | Well ‘Had ‘catarrhal j jaun 
744810 53 | Broad circumferential ul- | dice since hospital stay 
cerating lesion. Lower | | 
segment, weight 185 gm.| | 
length 25 cm. Upper seg-| 
ment weight 295 gm. } 
length 25 cm. } | 
23. Mrs.P.R.| F | S | Cc | Comple- Pyelonephritis, pos- 23 No observa- Colostomy not closed Died 
740841 68 | Large annular ulcerative | mental] terior space intec- | tion of pulmonary embolism 
| esion, invasion of uterus} colos- tion | somewhat more than1 mo. 
and vagina. tomy | after dismissal 
| Weight 330 gm be- 
| Length 12cm. cause 
| of con- } 
tami- | 
nation 
| at | 
| | Opera- 
| tion. 
(Open 
anas- | 
tomo- 


sis) 
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TABLE L.—RESULTS IN 27 PATLENTS UNDERGOING AMPULLARY RECTAL RESECTION —Continued 


















































1 
Length 
Piatgnes . . of ; 
Neme and |. ) Supple- ospita : 2 
* , Sex lesion . ss mental ie stay Sphincteric Present status. 
——— Age| from Character of lesion colos- Complications after unction remarks 
anus— tomy oper- 
cm. ation— 
days 
IV. Primary Closed Anastomosis (Suture from Above)—Continued 
24. Mrs.E.J. | F 9 Primary gelatinous car- None None 15 Excellent Well 
747377 40 cinoma of ovary invad- 
ing cervix, vagina and 
rectum. Previous sub- 
total hysterectomy. 
Weight 465 gm. 
Length 24 cm. 
25. Mrs.M.C.| F 9 Ulcerative colitis None Posterior space 28 Good Well 
746906 21 Weight 140 gm infection 
Length 20cm. 
26. Mrs.E.S. | F 10 Cc None Obesity, diabetes 20 Excellent Satisfactory. Hepatic 
747880 59 Very large adherent and metastases not excised 
fixed circumferential 
polypoid lesion—inde- 
pendent polyps. Hepatic 
metastases. 
Weight 755 gm. 
Length 28 cm. 
27. Mr.J.O M 8 B None Posterior space infec- 27 Poor. Ana- | Committed to mental insti- 
747552 73 Large polypoid circumfer- tion. Severe senile tomic re- tution for psychosis 
ential lesion. psychosis sult good 
Weight 415 gm. 
Length 28 cm. 














3. Do you find it necessary to wear a diaper 
or take other precautions against soiling? 

4. Can you control gas? 

5. Has your activity been limited in any 
way by the operation on the rectum? 

The replies to this questionnaire tallied 
quite closely with our own evaluation and the 
results appear in Table II. The patients with 
excellent or normal sphincteric function all 
had ampullary rectal resection by the suture 
method. The same set of questions was sub- 
mitted to the patients who had undergone 
resection for carcinoma of the rectosigmoid. 
Uniformly, the sphincteric function of that 
group seemed to be normal. 

The preservation of normal or nearly nor- 
mal sphincteric function in the majority of 
the patients undergoing ampullary rectal re- 
section has been very gratifying. Inpatients in 
whom a rectal] fistula, developing from a leak 
in the suture line, was slow in closing and 
healed with a persistent defect in the rectal 
wall, rectal continence has been impaired. 
Moreover, a rectovaginal fistula has marred an 
otherwise satisfactory continence in 2 patients. 
Equally, or even more important than local 
causes in disturbing sphincteric function have 











been mental changes owing to senility. Pa- 
tients who have undergone ampullary resec- 
tion must be more alert to the necessity of 
evacuating the lower bowel than the patient 
with an intact rectum. 

Babcock (1932) removes the sphincters and 
establishes a perineal anus in doing the radi- 
cal operation for rectal cancer (2). Babcock 
and Bacon (1942) assert (3) that the sphinc- 
terless perineal colostomy is to be preferred 
to the abdominal colostomy. Whereas for 
sentimental reasons, the perineum may appear 
to be a more desirable location for an artificial 
anus, it would seem better to have such a 
colostomy opening where it may come more 
directly under the watchful eye of its owner. 

Preservation of sex function in males. Loss 
of sex function or impotence in males after the 
abdominoperineal operation is well known. 
Apparently in patients undergoing ampullary 
rectal resection as in patients having had ex- 
cision of the rectosigmoid, there appears to 
be little or no impairment of this function. 


LOCAL RECURRENCE 


Of the 27 patients in whom ampullary re- 
section was done, in 3, the operation was under- 
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taken for ulcerative colitis, the remaining 24 
had cancer of the rectum. Two of these failed 
to survive operation. Of the 22 patients sur- 
viving ampullary resection for rectal cancer, 
5 had evinced evidence of local recurrence. In 
4 of these, ampullary resection was under- 
taken as a palliative procedure. Yet, even in 
these patients the abdominoperineal opera- 
tion would have given better assurance against 
local recurrence. This matter of local recur- 
rence in large fixed lesions has been the most 
disappointing experience in this effort directed 
at preserving sphincteric function in ampul- 
lary resection. Two of these 5 patients had 
hepatic metastases at the time of operation. 
One of these, Mrs. M.R., Univ. Hosp. No. 
743136, was mentioned under the discussion 
of the complication of rectovaginal fistula. In 
one patient, the large fixed resected lesion 
proved to be a gelatinous carcinoma. An 
abdominoperineal operation was done subse- 
quently but the lesion has recurred again. 
Miles (1931) states (19) that such gelatinous 
carcinomas as well as melanotic lesions are not 
curable by any known means. Broders, Buie 
and Laird (1940) and Norbury (1941) while 
allowing that colloid cancers are usually high- 
ly malignant, are not as pessimistic over them 
as Miles. Dukes (1940) places all colloid or 
mucoid cancers in a separate and distinct 
group (11). All 5 of the patients in whom re- 
currence developed in this series had large 
fixed low-lying lesions which had penetrated 
the fascia propria of the rectum, presenting at 
the same time metastatic lymph nodes in the 
pelvic mesocolon. The first ampullary resec- 
tions reported herein were done in 1942; in 
other words, even the first patients in the 
group were done less than 3 years ago. The 
elapse of additional years obviously will be 
required before one can evaluate the factor of 
long term survival. 

Gilchrist and David (1938) studying cleared 
specimens excised in the abdomino-perineal 
operation for rectal carcinoma found metas- 
tatic lymph nodes in 68 per cent of the cases; 
Coller and his associates (1940) in 64 per cent 
and Gabriel and his associates (1935) observed 
lymph node metastases in 62 per cent of dis- 
sected specimens. Gilchrist and David con- 
cluded that large tumors may have no lymph 
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node metastases whereas small tumors may 
occasionally present evidence of extensive 
lymphatic spread. They point out further 
that when there is gross involvement of high 
lymph nodes, there may be retrograde metas- 
tases to lymph nodes lying below the tumor. 

Whereas Coller and his associates (1940) 
failed to find evidence of lateral lymphatic 
spread in lesions lying more than 3 centimeters 
above the anorectal line, I am convinced from 
the experience with low-lying fixed lesions 
that an operation which does not excise the 
levator muscles in juxtaposition to the bowel 
invites local recurrence. In the 5 instances 
reported herein, in which local recurrence fol- 
lowed ampullary resection, the local invasive 
qualities of the tumor may have been respon- 
sible. Yet, I believe it would be safer to sug- 
gest that ampullary resection in such instances 
can be indicted on the score of failing to re- 
move the lateral zone of lymphatic spread as 
well as in its failure to deal adequately with 
the item of local invasion. Miles (1931) states 
that the levator ani muscles are especially prone 
to invasion by cancer cells which have gained 
access to the extramural lymphatic system of 
the rectum (20). 

The primary defect in the perineal opera- 
tion for rectal cancer apart from the loss of 
sphincter function is that it fails to deal with 
the upward zone of spread. The potential de- 
fect in ampullary resection for rectal cancer is 
that, when applied to unsuitable cases, pa- 
tients with large, low-lying lesions, it fails to 
deal with the item of lateral lymphatic ex- 
tension via the fascia overlying the levator 
muscles; further, it compromises somewhat on 
the extent of excision of the rectal wall distal 
to the lesion. From the standpoint of cure of 
rectal cancer, obviously, the abdominoperineal 
operation is the best procedure. In how many 
instances, however, would ampullary resec- 
tion protect equally as well against recurrence 
and, at the same time, save the patient’s 
sphincter? Many surgeons latterly are com- 
ing to the point of view in the management of 
cancer of the esophagus, if esophagogastric or 
esophagojejunal anastomosis can not be effect- 
ed, that the patient should not be subjected 
to the alternative procedure of the Torek 
operation with establishment of an external 
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fistula. An exteriorized esophagus is a severe 
handicap contrasted with the lesser troubles 
of a colostomy. Nevertheless, it is perhaps 
not out of place to point out that surgeons can 
make but a poor imitation of the rectal sphinc- 
ters which nature bountifully bestowed on us; 
neither can one be bought at any price in any 
market, open or dark. 

A number of studies indicate that approxi- 
mately 50 per cent of unselected patients sub- 
jected to the abdominoperineal operation sur- 
vive 5 years without recurrence: Jones (15, 
1929) 47.8 per cent; Pemberton and Dixon 
(22—1934) 35.8 per cent (includes all opera- 
tions for cancer of the rectum); Abel (1935) 
58.5 per cent; Jones, (16—1936) 52.6 per cent 
for the one stage and 51.3 per cent for the two 
stage abdominoperineal operation. It is rea- 
sonable to infer that the losses by death from 
recurrence of the malignant growth are sus- 
tained largely in the group exhibiting local 
invasion and lymph node metastases (Dukes’ 
group C). In other words, even the best and 
most radical operation is inadequate for a 
large number of such cases. Dixon (1944) in- 
forms me that in a series of 100 patients with 
rectal cancer operated upon more than 5 years 
previously there were no 5 year survivals 
among patients whose lesions fell into Dukes’ 
group C. Similarly, in a small series also re- 
ported from the Mayo Clinic by Seefeld (1942) 
there were no 5 year survivals in patients 
whose lesions were placed in Broders’ group 
IV. Among 191 patients whose excised lesions 
were classified in Dukes’ group C, Broders, 
Buie and Laird (1940) found only 14.6 per 
cent of 5 year survivals; and among 18 patients 
whose lesions were placed in Broders’ group 
IV they observed only 11.1 per cent 5 year 
survivors. In this connection, Miles (zo— 
1931), the innovator of the abdominoperineal 
operation said concerning it: ‘Should it be 
reserved for advanced cases only, as advocated 
by some, then the invisible spread will have 
advanced beyond the confines of the operation 
field and recurrence will be inevitable”’ (11). 
It would be difficult to justify any operation 
for cancer on the basis of accomplishment in 
the late case. 

In this study, Dukes’ (10, 11—1932, 1940) 
well known scheme of classifying rectal tumors 


has been employed. It is my impression that 
Dukes’ scheme may not be as useful to the 
surgeon as it is to the pathologist, for it im- 
plies that metastases do not occur unless local 
invasion has occurred. It would be more in 
keeping with surgical experience to indicate 
that any malignant tumor with. or without 
local invasion beyond the confines of the rec- 
tum may be accompanied by lymph node 
metastases, even though this incidence mounts 
sharply when the primary tumor exhibits 
definite evidence of local invasion. 


HEPATIC METASTASES 


The occurrence of hepatic metastases indi- 
cates definitely that vascular .embolism of 
tumor cells occurs in malignancy. Coller and 
his associates (1940) noted evidence of direct 
local invasion of venous channels in 15 per 
cent of the rectal specimens studied. 

Coincidental partial hepatectomy for direct 
extension of a malignant growth into the liver 
at the time of gastric resection for cancer has 
been described previously (33). A more pro- 
tracted period of observation of the patients in 
which that procedure was carried out confirms 
the validity of the worthwhileness of such a 
maneuver. Because of the length of survival 
of many patients undergoing primary resec- 
tion of the colon for cancer, presenting hepatic 
metastases at the time of operation, I sug- 
gested previously that secondary excision of 
hepatic metastases reasonably might be under- 
taken in such cases. It is only within the past 
year, however, that I have been able to per- 
suade patients to undergo such secondary re- 
sections. If protracted followup in such pa- 
tients should indicate that survival is no 
greater than in a similar group in which the 
metastases are left, one might yet learn some- 
thing of the manner of growth of hepatic 
metastases. My thesis is that if at the first 
operation the local lesion and the lymphatic 
drainage area can be excised satisfactorily, 
secondary excision of the hepatic metastases 
6 to 8 weeks later may cure the lesion. Failure 
to palpate metastases not near the surface in 
an organ as thick as the right lobe of the liver 
is admitted freely. 

Hemostasis is not a difficult problem in ex- 
cision of hepatic tissue. There is so much 
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WANGENSTEEN: PRIMARY RESECTION 
fibrous tissue in the liver that bleeding may be 
controlled readily. The cautery is employed 
to remove the section of the liver involved. 
Large vessels are seized with hemostats as 
they are encountered and the vessels are 
ligated. In a deep wound, the vessels in the 
liver substance can be distinguished readily 
by palpation; that is, the hepatic substance 
may be readily compressed between thumb 
and forefinger disrupting the tissue continu- 
ity, leaving the vessels intact. Fibrin-foam 
(Cohn) has been a helpful adjuvant agent in 
the control of parenchymatous oozing. When 
the vessels which traverse the defect in the 
liver are ligated, however, ordinarily the prob- 
lem of hemostasis is not particularly difficult. 
The adjacent edges are sutured if possible 
with a running suture of catgut and the trans- 
verse mesocolon or other available omental 
structure is employed to sew over the defect, 
with the thought in mind of localizing the in- 
evitable temporary bile fistula. External 
drainage is therefore always provided and 
temporary external drainage of bile is usual. 

During the past year, three such secondary 
excisions of metastases have been undertaken. 
Two of these secondary partial hepatectomies 
were done for rectal malignancy in which an 
antecedent ampullary resection was done and 
one in a patient who developed a local re- 
currence following an exteriorization opera- 
tion done elsewhere for a carcinoma of the 
pelvic colon. Six weeks after simultaneous 
removal of the colostomy, the local recurrence 
in the abdominal wall and performance of 
primary anastomosis, metastases were excised 
from both lobes of the liver (Fig. 12, specimen 
C). In one of the rectal cases, the metastasis 
was large and single, involving the lateral por- 
tion of the right lobe of the liver. The gall 
bladder was freed and deflected to the left. 
The excised liver tissue weighed 335 grams 
(Fig. 12, specimens A and B). These two pa- 
tients continue well. In the other patient, two 
metastases were present in the right lobe of 
the liver. This patient also had a large fixed 
circumferential lesion that was removed with 
difficulty, the Hochenegg “‘pull-through”’ op- 
eration being done. Supplemental colostomy 
became necessary because of fever and peri- 
recta] suppuration. A few weeks later the 
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colostomy was closed and the hepatic metas- 
tases were excised at the same time. The rectal 
function was quite satisfactory. A few months 
later, however, evidence of local recurrence 
became apparent. This patient died of local 
recurrence involving both ureters, somewhat 
more than 10 months after ampullary resec- 
tion. Two hepatic metastases were again 
present in the right lobe of the liver at autopsy. 
Whether these final] hepatic metastases were 
the result of inadequate removal of the initial 
hepatic metastases, failure to palpate occult 
subsurface metastases or failure to remove the 
local lesion completely cannot be determined. 


AMPULLARY RESECTION COMBINED WITH RE- 
MOVAL OF METASTATIC LYMPH NODES 
PROXIMAL TO THE PELVIC MESOCOLON 


Mention has already been made of 2 in- 
stances in which resection of the whole colon 
and the greater portion of the rectum was 
made for ulcerative colitis. In a patient, Mr. 
J. C., Univ. Hosp. No. 744810, aged 53, with 
carcinoma of the rectal ampulla presenting 
lymph node involvement proximal to the 
pelvic mesocolon, following excision of these 
nodes and the inferior mesenteric artery at its 
site of origin from the aorta, it became evident 
that the left colon was not adequately vascu- 
larized through the midcolic artery and the 
marginal branches of the left colic artery. In 
consequence, it became necessary to mobilize 
the entire colon up to and including the 
hepatic flexure (Fig. 11, specimen 7). The 
left half of the transverse colon was finally 
anastomosed to the rectum. If the transverse 
colon had not been so long, it might have been 
necessary to anastomose the cecum to the 
rectum. This patient has satisfactory sphinc- 
teric function. In the earlier report, it was in- 
dicated that the terminal ileum or the cecum 
had been anastomosed to the terminal pelvic 
colon in 7 patients without mortality. 


INDICATIONS AND CONTRAINDICATIONS TO 
EMPLOYMENT OF AMPULLARY RESECTION 


It is to be admitted freely that this operation 
cannot compete in all cases of rectal cancer 
with the abdominoperineal operation. It is 
immediately apparent that its employment is 
contraindicated in juxtasphincteric malig- 
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Fig. 11. Represent- 
ative excised specimens 
in ampullary rectal re- 
section: 1, Case 1, Table 
II, length of specimen 
26 centimeters; weight 
237 grams. There is an 
additional polyp superi- 
orly just beneath the 
principal lesion. 2, Case 
19, Table IT. 3, Case 27, 
Table II. 4, Case 20, 
Table II. 5, Case 17, 
Table II; the invasive 
character of the lesion is 
apparent. At operation, 
the tumor had to be dis- 
sected off the cervix and 
vagina. Simultaneous 
excision of the upper half 
of the vagina and the 
uterus probably would 
have precluded local re- 
currence. The patient 
also had hepatic metas- 
tases. 6, Case 24, Table 
II; the primary lesion 
here was carcinoma of 
the ovary with involve- 
ment of the rectum. An 
antecedent subtotal] hys- 
terectomy had __ been 
done elsewhere 2 years 
previously. In this pro- 
cedure, the cervix, upper 
half of the vagina, and 
the upper two-thirds of 
the rectum were re- 
moved. Primary healing 
occurred (see Fig. 10). 
7, Case 22, Table IT; an- 
astomosis between the. 
rectum and the trans- 
verse colon was effected 
after excision of this le- 
sion. 8, Case 18, Table 
II; excision of all of 
colon and upper half of 
rectum for ulcerative 
colitis. 
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Fig. 12. Secondary excision of hepatic metastases: 
a and b, Case 8, Table II; there was a large single hepatic 
metastasis in the rig} t lobe of the liver (w. 335 grams). 
c, Small metastasis from the right lobe of the liver in a 


nancies, on the score of inadequate removal 
of the local lesion; furthermore, in all lesions at 
the level of the levator muscles, the operation 
is contraindicated on the score that this pro- 
cedure does not permit division of the levator 
muscles and adequate removal of the lateral 
zones of lymphatic spread. 

Hence in all large fixed ampullary lesions in 
which the tumor has extended beyond the 
confines of the fascia propria of the rectum 
and a real opportunity for spread into the lat- 
eral lymphatic zone exists, ampullary resec- 
tion should not be undertaken. In other 
words, in instances in which there is real haz- 
ard of local recurrence, the abdominoperineal 
operation should be favored over ampullary 
resection. Apart from these considerations, 
the operation of ampullary rectal resection 
described herein would appear to deal as well 
with the problem of rectal cancer as does the 
abdominoperineal operation. The avenues for 
upward lymphatic extension of malignant 
growth into the pelvic mesocolon can be dealt 
with equally as well by the operation of am- 
pullary resection as by the abdominoperineal 
operation. 

DISCUSSION 

The following are the items which concern 
both patient and surgeon in this and any other 
operation for malignancy: (1) operative mor- 
tality, (2) possible complications of operation, 
(3) prospects of ultimate cure, (4) function. 

Preservation of sphincteric function is the 
special consideration which compels interest 
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patient with carcinoma of the descending colon. A similar 
metastasis was removed at the same time from the left lobe 
of the liver (see text). It is problematic, of course, whether 
these were the only hepatic metastases. 


in ampullary resection. The operation appeals 
at once to the patient. The thought of a colos- 
tomy is ordinarily abhorrent and frequently 
revolting to a patient. Mere mention of a 
possibility of saving the sphincters immedi- 
ately arrests the patient’s interest. There are 
patients who wll not accept a colostomy. 
There were a few such patients in this group. 
Yet, 2 such patients, when evidence of local 
recurrence developed following ampullary re- 
section for fixed circumferential lesion, will- 
ingly accepted colostomy and subsequent 
efforts directed at extirpating the recurrence. 
All surgeons have had experience with patients 
who will not submit to operation if told they 
have cancer. Obviously, they are unreason- 
able, but this type of mania sometimes defies 
being set aside. An operation which must be 
defended on the thesis that it may be a satis- 
factory substitute for patients who are more 
interested in preservation of function than in 
cure, is obviously not a good operation for 
cancer. 

There are patients for whom a colostomy is 
a heavy and tragic burden. The majority of 
reasonable patients, however, learn to deal 
with the situation and tolerate colostomy 
without complaint. It is probably fair to say, 
however, that it is far easier to advise accept- 
ance of colostomy than it is for the patient to 
resign himself to it. Only once has a patient 
hunted and threatened me with a gun. That 
patient had a colostomy performed in this 
clinic because of acute obstruction caused by 
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an irremovable malignant lesion in the left 
colon. He demanded that the colostomy be 
closed. I thought he was unreasonable; he 
thought we were, because we failed to comply 
with his wishes. 

It is to be admitted that postoperative 
complications are more frequent in patients 
undergoing ampullary resection than in those 
accepting the abdominoperineal operation. A 
defect in the suture line with a temporary 
retrorectal fistula is a rather common compli- 
cation. The length of the postoperative hospi- 
tal stay in this group of patients has been long, 
made so essentially by necessity for supple- 
mental colostomy in a number of the patients. 
In the earlier series reported, the average 
postoperative hospital stay for primary resec- 
tion of the colon and rectosigmoid was 14.3 
days. That figure has not been computed for 
the 78 colon resections reported herein, but it 
is undoubtedly shorter because the majority 
of patients having resections of the colon 
through oblique or transverse incisions are 
now leaving hospital before the tenth post- 
operative day. A trying complication, in a 
few instances of ampullary resection, has been 
a rectovaginal fistula in the female. I have 
the impression, however, that more frequent 
coincident excision of the uterus and the upper 
portion of the vagina in the instance of adher- 
ent tumors will eliminate this hazard. Under 
no circumstances should drainage be estab- 
lished through the vagina in ampullary rectal 
resection. 

Despite the complication of a temporary 
retrorectal fistula, which has been dealt with 
in the majority of more recent cases solely by 
provision for perineal drainage just anterior 
to the coccyx, I have the impression that am- 
pullary resection can be done at risks not far 
out of line with those run by patients under- 
going the abdominoperineal operation. 

Time will indicate whether the ultimate re- 
sults of this operation, evaluated on the score 
of 5 year or longer periods of survival without 
evidence of recurrence, are as good in properly 
selected cases as in the more radical abdomi- 
noperineal operation. That the abdomino- 
perineal operation isa better procedure for low- 
lying lesions and, particularly, in large fixed 
circumferential low-lying lesions in which the 





opportunity for lateral lymphatic spread of 
the tumor is great, already has been admitted. 

Perhaps in no type of cancer would efforts 
at instruction of the public in the early recog- 
nition of the symptoms of rectal cancer prove 
more helpful. Were it not for the confusion of 
bleeding hemorrhoids, every patient with 
rectal bleeding should come for examination 
to have the diagnosis of rectal cancer dis- 
proved. Much more can still be done to in- 
struct the public on this score. Granted early 
diagnosis, a far larger number of patients 
could have ampullary resection with sphincter 
preservation rather than the abdominoperi- 
neal operation and colostomy. In a study of 
1,401 cases of cancer of the rectum and recto- 
sigmoid, Bacon (1938) in reviewing the loca- 
tion of 1,401 carcinomas in the pelvic colon 
and rectum, stated the distribution to be as 
follows: sigmoid 22.5 per cent; rectosigmoid 
16.5 per cent; rectum 56.1 per cent; and anal 
canal 4.9 per cent. Only 19.1 per cent of these 
1,401 neoplasms were less than 2 inches from 
the anorectal line. Dividing the rectum into 
three parts of which the lowest is the shortest 
and the upper the longest portion, Dukes 
(1940) found in a group of 915 rectal cancers, 
36.6 per cent in the lower third; 32.6 per cent 
in the middle; and 30.8 per cent in the upper 
third. Inasmuch as ampullary resection can 
be carried out in the midrectum quite regu- 
larly and as low as 5 centimeters from the anus 
in suitable instances, particularly in thin 
women with a deep cul-de-sac, in instances of 
rectal carcinoma diagnosed early, the method 
would appear to have a wide range of appli- 
cability. In this clinic, ampullary resection 
has reduced materially the number of abdo-’ 
minoperineal operations; however, as has been 
indicated, we already have learned that the 
method has no place in low-lying lesions in 
juxtaposition to the levatores, and, particu- 
larly, in large fixed low-lying lesions. 


COMBINED BARIUM AND PROCTOSCOPIC 
EXAMINATIONS 


An item not to be forgotten in all colonic 
and rectal operations for malignant growths 
is that excision of an extra segment of bowel 
occasionally brings with it an unexpected 
polyp. In this clinic, therefore, all patients in 
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whom cancer of the colon is diagnosed by the 
roentgenologists undergo proctoscopic exami- 
nation prior to operation. Similarly all pa- 
tients in whom cancer of the rectum is diag- 
nosed by the proctologist receive a barium 
enema to exclude the possibility of another 
malignant tumor or a polyp more proximally 
situated. All lesions within the reach of the 
sigmoidoscope also are subjected to diagnostic 
biopsy before operation is undertaken. Mayo 
and Schlicke (1942) stated that in 100 consec- 
utive autopsies on patients between 22 and 
80 years (average 54.7 years), dying of condi- 
tions unrelated to the colon, polyps were 
found 16 times and in 8 of these beginning 
cancerous changes were present. 
SUMMARY 

Primary resection, employing the closed 
anastomosis without antecedent complemen- 
tal or supplemental colostomy, is used in this 
clinic as the operation of choice in all unob- 
structed malignant growths of the colon. 
Similarly, in suitable lesions in the ampulla of 
the rectum, primary resection (closed anasto- 
mosis) can be carried out satisfactorily. 
Whereas primary healing and, in consequence, 
short postoperative hospital stays are the rule 
in primary resection of the colon and recto- 
sigmoid, in ampullary rectal resection, pri- 
mary healing is not usual. This circumstance 
is owing to the sole dependence of the sur- 
viving lower rectal segment upon the inferior 
hemorrhoidal arteries, following division of 
the superior and middle hemorrhoidal vessels 
and mobilization of the rectum, which ordi- 
narily deprives the lower rectal segment of the 
branches coming from the middle sacral artery 
as well; nevertheless, ampullary rectal resec- 
tion with primary anastomosis usually can be 
done without colostomy, provision being made 
for perineal drainage of the presacral space 
which may become infected because of a de- 
fect in the suture line. Supplemental colos- 
tomy, however, has been necessary in several 
instances to deal quickly and more effectively 
with the item of posterior space infection. 

The chief defect in the operation of ampul- 
lary resection is that it is not a good operation 
for large fixed low-lying Dukes’ group C 
malignant growths. Whereas, the tumor can 
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be mobilized and a satisfactory anastomosis 
made even in such cases, the opportunity for 
local recurrence is great in that the operation 
does not remove the levator muscles and the 
lateral zones of lymphatic spread. In suitable 
small low-lying lesions and in most lesions of 
the upper rectum, this experience with rectal 
resection suggests that it is a satisfactory 
operation for cancer. Ampullary resection 
also has been done for ulcerative colitis. 

Sphincteric function, in most cases, has 
been good after ampullary resection. The 
primary closed suture method appears to be 
the most satisfactory operation. 

The hospital mortality for primary resec- 
tion of the colon and rectosigmoid has been 
5 per cent; and for ampullary rectal resection 
7-4 per cent. 

Secondary excision of hepatic metastases 
is described. 
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METABOLIC ALTERATIONS FOLLOWING THERMAL BURNS 





Il. Changes in the Plasma Volume and Plasma Protein in the 


Convalescent Phase 


WILLIAM E. ABBOTT, M.D., JOHN W. HIRSHFELD, M.D., and 
FRIEDA L. MEYER, Ph.D., Detroit, Michigan 


HE purpose of this paper is to present 

the alterations that occurred in the 

plasma volume, the “available (thio- 

cyanate) fluid’ volumes, the total 
circulating plasma protein, the total circulat- 
ing albumin, and the hematocrit value of 
burned dogs during the convalescent period. 
It has been shown (8, 16) that during the first 
36 to 48 hours after burning there is a diminu- 
tion in the plasma volume. Because of this 
diminution and because of the questionable 
accuracy of plasma volume determinations 
during shock, the present studies were con- 
fined to animals that had fully recovered from 
the immediate shock phase. 


MATERIALS AND METHODS 


Normal adult female mongrel dogs were 
employed. The dietary management and the 
preparation of the animals are described in 
another publication (24). (Animals 7 and 8 
were simultaneously employed in both stud- 
ies.) Control blood studies were obtained 
after the animals had been maintained on a 
constant diet from 3 to 4 weeks. Following the 
burn all of the animals except dog 9 were able 
to continue on the same diet. 

All blood samples were obtained in the morn- 
ing after a 12 to 18 hour fast. Heparin was 
used as the anticoagulant. Undue stasis was 
avoided, and greased syringes were employed 
to prevent hemolysis. Hematocrits were done 
in duplicate in Sanford-Magath (27) cell vol- 
ume tubes; the total plasma protein concen- 
tration was done in duplicate by the micro- 
Kjeldahl technique. Plasma albumin concen- 
tration was determined by the method advo- 
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cated by Hill and Trevarrow except that five 
times the amount of plasma and globulin pre- 
cipitant was employed. 

The plasma volume and “available (thio- 
cyanate) fluid” volume were determined by 
injecting simultaneously 8.68 milligrams of 
Evans blue dye! (T-1824) and 483 milligrams 
of sodium thiocyanate’ according to the direct 
method of Gregersen and Stewart as adapted 
to the photoelectric colorimeter by Gibson and 
Evelyn. The disappearance slope of the Evans 
blue dye was determined by four points and 
was found to vary only slightly during the 
control or postburn studies. 

The total circulating plasma protein and 
plasma albumin were calculated by multiply- 
ing the plasma volume by the plasma protein 
and the albumin concentrations per cubic cen- 
timeter, respectively. The total blood vol- 
ume was calculated from the following for- 
mula: 

Plasma volume 
100 — Hematocrit 








Blood volume = 


Since it is generally appreciated that the true 
blood volume cannot be determined in this 
manner (14), no absolute conclusions will be 
based on these findings, but it was thought 
that the percentage changes might be of some 
interest because of the alterations that oc- 
curred in the plasma volume and in the 
hematocrit. 

A few days after the control blood studies 
had been obtained, the animals were burned 
under intravenous nembutal anesthesia. They 
were burned over the thorax and abdomen, 
which had previously been shaved. Irons 
with a burning area of 12.57 square centi- 


meters were employed, being heated in boiling 

1The ampuls were kindly supplied by the Kimble Glass Com- 
pany and prepared by the College of Pharmacy of Wayne Uni- 
versity. 
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water to approximately 1oo degrees C. and 
applied for 3 seconds. A very deep second or 
third degree burn was produced over approxi- 
mately 20 per cent of the body, as calculated 
from the formula of Cowgill and Drabkin. 
The burned area remained dry and hard for 
4 or 5 days. Sloughing usually began after 
this, and the burn remained open a little over 
2 weeks. Complete healing occurred in almost 
every instance within 3 weeks. The burns 
were not covered with dressings or medication. 


RESULTS 


All of the animals consumed their full diet 
after burning, with the exception of dog 9. 
She consumed the full ration until the gth day, 
when marked diarrhea occurred; a reduced 
diet was taken until the 12th day, when the 
animal began eating normally again. All of 
the animals presented in this paper had loose 
stools in the postburn period, but only dog 9 
developed severe diarrhea. Nitrogen balance 
studies showed that a negative nitrogen bal- 
ance occurred immediately after burning and 
persisted for 15 days (24). All of the animals 
lost 15 to 20 per cent of their control weight, a 
loss not repaired as long as the diet was kept 
constant. When the intake was increased, 
there was a rapid return of weight to normal. 

Although hematocrits were not done on all 
the animals during the acute shock phase (the 
first 48 hours), those that were done showed a 
fairly marked hemoconcentration. By the end 
of the first week the hematocrits had fallen to 
subnormal values, and they remained low un- 
til the plasma volumes showed a return to 
approximately the control value. 

As shown in Table I all the dogs, except 
dog 9, exhibited a rise in their plasma volumes 
that persisted for 40 to go days. In dog g an 
initial rise occurred with a subsequent fall. 
This can be explained by the loss of fluid and 
electrolytes in the stool (diarrhea). If the 
plasma volume is figured in cubic centimeters 
per kilogram of body weight, the increase is 
even more pronounced. The plasma protein 
concentrations showed moderate fluctuations 
and apparently were not altered greatly by 
the period of negative nitrogen balance. In fact, 
during and after this period, a decided in- 
crease was noted in the total circulating plasma 





protein, as much as 41 per cent in one instance. 
This increase was chiefly due to an increase in 
the globulin fraction. The plasma albumin 
concentration as a rule showed a decrease; 
the total circulating albumin showed a tem- 
porary initial rise followed by a decrease, with 
the exception of dog 9. These changes did not 
in any way seem to parallel the increase or 
decrease of the plasma volume. 

In dogs 6 and 7 an edema of the extremities 
was present and persisted for 10 to 12 days 
although the animals were not burned in 
these regions nor over the region of the vessels 
leading to the extremities. The actual ‘“avail- 
able (thiocyanate) fluid” volume (roughly the 
extracellular fluid volume) was increased in 
dogs 6 and 7 but not to a great extent. If the 
thiocyanate volume is figured in cubic centi- 
meters per kilogram, the values showed a con- 
sistent marked elevation. It is evident, there- 
fore, that when a loss of weight occurred, the 
body solids were lost in greater proportions 
than was fluid and thus there was a relative 
water retention. The other two animals also 
showed an initial rise in the “available (thio- 
cyanate) fluid” but no clinical evidence of 
edema. 

DISCUSSION 

Shearburn (28) has shown that there is a 
gradual decrease in the plasma volume and 
protein concentration in animals maintained 
on a fluid and food intake adequate except for 
protein. Thus in his animals there was a fairly 
marked fall in the total circulating plasma 
protein. This change has also been demon- 
strated in patients who were on a deficient 
food intake (1). Our burned dogs exhibited a 
2 to 3 week period of fairly marked negative 
nitrogen balance and weight loss, yet uni- 
formly they had an increase in the total cir- 
culating plasma protein and plasma volume. 
It would thus appear that the formation or 
mobilization of plasma protein is not immedi- 
ately dependent on the state of nitrogen 
balance. 

The animals showed a decrease in the circu- 
lating red cell mass, but because of an increase 
in the plasma volume, there were smaller 
fluctuations in the total blood volume. In 
1923 Marriott pointed out that anemia us- 
ually followed the correction of a state of de- 
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eis poo tame Diinsisiin witiaiaiin Available (Thiocyanate) 
post- Hema-| concen- | concen- — 
burn tocrit | trations | trations 
Gm/100 | Gm/100 “<0. Percent c.c./ |%Change ice 
c.c. c.c. Change | kgm. |per kgm 
Dog 6 a if 
° 55 6.63 4.05 928 5° 6032 
4 43 6.36 4.01 1121 Tan 62 +24 7104 
9 45 6.62 2.55 1179 +27 69 +38 6189. 
“13 42 6.48 2.51 1149 +24 69 +38 6143 
20 46 7.17 2.66 1083 +17 64 +28 6143 
a7 48 7.35 3-32 1120 +21 66 +32 6007 
~ 35 45 7-40 2.79 | 1083 +17 63 +26 5832 
ay 43 7-48 3.29 "1023 +11 59 +18 5018 
68 54 6.60 4.02 903 —- 3 54 +8 "9622 
‘81 52 6.67 3-59 931 ° 53 + 6 5422 
; 90 5° 083 | + 6 54 +8 
“120 53 6.54 3-59 983 | + 6 5° ° 6235 
Dog 7 "i 
° 54 6.38 3-90 952 5° 6031 
4 47 6.47 3.68 | 1254 | +32 690 +38 6376 
9 44 6.39 2.86 | 1243 | +31 72 +44 6522 
43 32 5.86 2.47 1254 +32 77 +54 6625 
” 90 39 7.11 3.04 see +19 69 +38 6007 
27 45 7.11 3.64 Ir1r +17 67 +34 6053 
35 44 6.48 3-43 1032 +9 62 +24 6143 
44 48 6.24 3-52 1044 +10 61 +22 60099 
81 52 5.88 3.61 909 +5 62 +24 5748 
go 48 1083 +14 62 +24 
120 52 6.37 3-74 1102 +16 56 +12 6833 
Dog 8 " 
° 47 6.23 3-61 604 54 4080 
4 38 6.91 3-37 807 +16 66 +22 
rs) 37 6.12 2.92 768 +11 7° +30 4171 
20 31 6.34 3.02 755} +9 73 +35 4031 
29 40 6.34 3.22 734 | +6 72 +33 4080 
53 44 6.16 2.72 612 —12 59 +? 3946 
72 45 6.45 3-82 639 | — 8 61 +13 3046 
go 41 6.01 3-65 709 +32 53 =—2 4458 
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hydration. Shen, Ham, and Fleming have 
shown that anemia is present in the conva- 
lescent phase of burns because of an acceler- 
ated breakdown of red cells due to an in- 
creased fragility. 

Our data also show a definite diminution in 
the red cell mass. Whether this is entirely due 
to an increased breakdown of red cells or in 
part a result of the crowding out of red blood 
cells by the increased plasma volume is not 
definitely known. Conversely, we are unable 
to say whether the increase in the plasma vol- 
ume is due to an attempt to compensate for 
the decrease in red cells or whether it is caused 
in part by retention of fluid and electrolytes. 
Peters and Van Slyke; and Warren, Merrill, 
and Stead have stated that often a compen- 
satory rise in the plasma volume occurs when 
anemia is present, but since there is disagree- 
ment on this point (3), the anemia seen in our 
burned animals may not be the sole explana- 
tion for the rise in the plasma volume. 

Although the plasma volume was increased 
in most instances, there was interestingly a 
decrease in the total circulating plasma albu- 
min, which accounts for the major osmotic 
pressure of the protein fraction. Cope re- 
cently stated that an increased plasma vol- 
ume apparently occurs 4 to 5 days after a burn 
and intimates that this may be due to the 
reabsorption of previously lost protein. That 
the rise in plasma volume is not due solely to 
the reabsorbed protein seems likely. In dog 9 
the amount of total circulating protein and 
albumin was markedly increased when the 
volume showed a precipitous fall. Also the 
fact that the rise in the plasma volume per- 
sists for weeks makes this theory unlikely. 
Thus the increase in the plasma volume must 
be largely due to a retention of either water or 
electrolytes or both. 

Because of the findings in the present study 
and because of the increasing tendency to em- 
ploy electrolyte solutions in the treatment of 
shock (2, 11, 25), it seems worth reconsidering 
the factors that influence the size of the plasma 
volume. In the normal individual it has been 
shown (17, 18) that the osmotic effect of the 
protein fraction is extremely important. The 
osmotic pressure exerted by the proteins, espe- 
cially albumin, is largely responsible for the 


reabsorption of water into the vascular sys- 
tem. In the healthy subject the protein is 
almost entirely confined to the vascular bed 
and to the intracellular space, and there is 
approximate osmotic equality of the electro- 
lytes within the cell, the interstitial space, and 
the plasma. Thus a slightly higher solute con- 
centration within the plasma and intracellu- 
lar phase is maintained because of the presence 
of the protein molecules. It should be re- 
membered, however, that the electrolytes are 
present in much greater amounts than is pro- 
tein, and since the amount of water present in 
the body compartments is dependent on the 
total solute concentration (colloids and elec- 
trolytes), the electrolytes are much more im- 
portant than are the colloids in determining 
the total amount of body water (20). In fact 
it has been stated by Van Slyke that the 
osmotic effect of the protein molecules is so 
slight when one is considering total body 
water that it can be almost neglected. It 
seems probable, therefore, that the altera- 
tions noted during the convalescent phase of 
these burned animals is largely governed by 
the fluid and electrolyte disturbances. 

From other experiments (22, 32, 33) it is 
also evident that the size of the plasma vol- 
ume in the diseased state is often not depend- 
ent on the plasma protein concentration. It 
should be recalled that the intraperitoneal 
injection of a solution of 5 per cent dextrose 
into normal dogs with the withdrawal of the 
same amount of fluid 4% hours later produces 
a marked increase in the plasma protein con- 
centration, but this even in the face of an 
adequate water and caloric intake will not 
restore the plasma volume if sufficient elec- 
trolytes are not present (22). 

The importance of sodium was recently 
emphasized by Fine, Frank, and Seligman, 
who showed that the intravenous administra- 
tion of a 25 per cent solution of albumin into 
animals suffering from tourniquet shock was 
not of benefit unless a physiologic solution of 
sodium chloride was given by stomach tube or 
intravenously. 

The work of Warren, Merrill, and Stead 
(32) has also shown that a normal plasma 
volume may be obtained in shocked animals 
even when the protein concentration and total 





f 
, 




















ing 
act 
the 


sO 
dy 

It 
Ta- 
- of 


fis 
rol- 
nd- 

It 
eal 
ose 
the 
ces 
on- 


not 
lec- 


tly 
an, 
tra- 
nto 
was 
1 of 
> or 


ead 
ma 
1als 
otal 








ABBOTT er at.: METABOLIC ALTERATIONS AFTER THERMAL BURNS ~ 29 


circulating plasma protein is markedly dimin- 
ished by increasing the extracellular fluid vol- 
ume (tissue tension). Thus it is evident that 
the size of the plasma volume in disease is not 
dependent on the protein concentration alone 
but is governed by the following factors: (1) 
the total solute concentration of the extra- 
cellular fluid volume and the available water, 
(2) the osmotic pressure of the plasma minus 
the osmotic pressure of the interstitial fluid, 
and (3) the blood filtration pressure minus 
tissue tension. Coller, Campbell, Vaughan, 
Iob, and Moyer have pointed out that at cer- 
tain times the kidneys are unable to excrete 
electrolytes and water in normal amounts and 
that the inability to excrete such productsmay 
lead to a marked retention of body fluid when 
the circulatory mechanisms aforementioned 
are not grossly abnormal. 

Studies by Davidson on patients with severe 
burns showed that chloride was excreted in 
only small amounts. Mclver re-emphasized 
this fact after having ;, administered large 
amounts of a physiologic solution of sodium 
chloride. Trusler, Egbert, and Williams 
stressed the undesirable effects of large vol- 
umes of water in burned patients and experi- 
mentally were able to produce “water intoxi- 
cation” by excessive administration. It has 
also been shown that a fall in the extracellular 
sodium concentration (9, 23) causes an intra- 
cellular shift of water, and since this condition 
and acidosis often exist during the shock and 
convalescent phases of a severe burn, it would 
not seem desirable to give large quantities of 
water nor a physiological solution of sodium 
chloride. Solutions with an electrolyte make- 
up similar to that of plasma that would not 
upset the body’s normal electrolyte pattern 
and would combat alterations in the acid-base 
balance, would thus appear to be desirable 
during the period of shock. In the immediate 
postshock phase it would then seem advisable 
to give solutions and food that would have the 
mineral and food value needed especially for 
cellular repair and that at the same time 
would gradually help rid the body of any 
excess water. 

CONCLUSIONS 

1. Following the shock phase, burned ani- 

mals that were maintained on an intake of 


food identical with that consumed before in- 
jury show a decided rise in their plasma vol- 
umes above the normal. 

2. Since a state of overhydration is mani- 
fested during the convalescent phase by the 
increase in the plasma volume and “available 
(thiocyanate) fluid” volume per kilogram of 
body weight, it does not seem advisable to 
give excessive quantities of fluid during the 
postshock period. Such an overaccumulation 
of fluid may undoubtedly lead to some of the 
so called ‘‘toxemic” deaths. Adequate urinary 
output should be maintained and diuresis en 
couraged. 

3. A marked increase in the total circulat- 
ing plasma proteins was present although a 
marked negative nitrogen balance existed for 
2 to 3 weeks. 

4. A moderate decrease in the plasma albu- 
min concentration and in the total circulating 
albumin occurred when the plasma volume 
increased. 

5. A definite anemia was present in the con- 
valescent phase because of an actual decrease 
in the circulating red cell mass. 
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THE ROUTINE USE OF PROTEIN DIGEST INTRAVENOUSLY 
FOLLOWING MAJOR SURGICAL PROCEDURES 


HERBERT H. DAVIS, M.D., F.A.C.S., Omaha, Nebraska 


N RECENT years it has become a routine 
procedure for surgeons to give fluids, 
salts, and carbohydrates intravenously 
following major surgical procedures. The 

importance of vitamins in maintaining normal 
physiology has also been recognized. Proteins 
have been found to be of great value, but their 
use has been neglected since a safe intravenous 
preparation has been made available only 
within the past few years. 

In 1937 Elman (9) reported results of experi- 
ments on animals in which he showed that in- 
travenous amino acids are utilized in the re- 
generation of serum protein. In 1938 (10) he 
reported the first use of hydrolyzed protein in 
humans as a means of maintaining positive 
nitrogen balance. In 1939 Cox and Mueller 
published their findings on the use of an 
enzymic digest in maintaining a positive nitro- 
gen balance. Shohl, Butler, Blackfan, and 
MacLachlan were able to maintain infants in 
positive nitrogen balance by the oral adminis- 
tration of enzymic casein hydrolysate. Farr 
and MacFayden (15), and Farr, Emerson and 
Futcher (14), working with nephrotic children, 
found intravenously injected hydrolysate a 
complete substitute for dietary protein. 

In 1942 Brunschwig and associates. (3), 
discussed means of preventing nitrogen loss 
following operations by parenteral administra- 
tion of protein digest. Continuing their studies 
(4) they found that intravenous digest was 
utilized as effectively as orally ingested pro- 
tein. Landesman and Weinstein concluded 
that intravenous protein digests were rapidly 
absorbed from the blood stream by the body 
tissues. 

Elman (12) demonstrated positive nitrogen 
balance, as well as regeneration of serum 
albumin in protein depleted dogs. They could 
assimilate as much as 1.75 grams of nitrogen 
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(11 gm. protein) per kilogram of body weight 
per day. Abbott and Mellors established that 
adequate amounts of amino acids parenterally 
would maintain positive nitrogen balance 
when sufficient calories were given. Brun- 
schwig (4),and many others verify this finding. 
Elman (13), reviewing the previous work re- 
garding intravenous protein digests, stated 
that he has injected a mixture of equal parts 
of glucose and hydrolyzed protein and has 
frequently observed positive nitrogen balance 
even when the caloric intake was far from 
adequate to meet daily needs. 

Why is protein necessary? Mueller, Fickas, 
and Cox found that when subjects were fed 
diets complete in all elements except protein, 
within 48 hours they developed severe lassi- 
tude and asthenia which were rapidly cor- 
rected by the ingestion of protein. They estab- 
lished the minimum requirements of enzymic 
casein hydrolysate to be between 0.4 and 0.7 
gram per kilogram of body weight per day. 
Mulholland, Co Tui, and associates noted 
that, in a series of gastric resections, jejunal 
alimentation immediately following operation 
alleviated most of the postoperative asthenia 
and accelerated convalescence. 

Protein is very essential for the healing of 
wounds. Clark found that on a high fat diet 
wound healing did not begin for 6 days, on a 
mixed diet it began in 4 days, on a high carbo- 
hydrate diet the quiescent period of healing 
was 3 days, while on a high protein diet heal- 
ing began at once. Thompson, Ravdin, and 
Frank, in 1938, found that on a low protein 
diet 8 of 11 dogs failed to heal abdominal inci- 
sions. In 1940, Ravdin stated that cellular re- 
pair and regeneration require protein, and that 
in the absence of adequate amounts of essen- 
tial amino acids growth cannot take place. In 
studying the plasma protein levels in 35 pa- 
tients with decubitus ulcers, Mulholland, Co 
Tui and associates, noted that all had hypo- 
proteinemia, and in general, the largest ulcers 
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were in the patients with the most deficient 
proteins. They found that high caloric intake 
if low in protein had no effect on the healing of 
bed sores; there was continual weight loss, and 
nitrogen balance remained negative. On the 
other hand, a high protein diet resulted in a 
positive nitrogen balance and rapid healing of 
the ulcer. At this time I had a patient with a 
decubitus ulcer 4 centimeters in diameter 
which was enlarging in spite of very good 
nursing care. This man was then placed on a 
high protein diet (100 to 150 gm. protein per 
day) and in 12 days the ulcer was healed. 

Distention and gas pains may be prevented 
or greatly lessened by the administration of 
adequate protein. In 1937 Mecray, Barden, 
and Ravdin, experimenting on animals, noted 
that as serum proteins decreased in concen- 
tration gastric emptying time was delayed. 
Ravdin found that with marked hypopro- 
teinemia it took three times as long for the 
food to pass through the stomach and the 
small bowel. 

An important function of the plasma pro- 
teins, especially of the albumin, is to control 
the balance of fluid between the capillaries and 
the tissue spaces. While the figures are vari- 
able and depend somewhat upon other factors, 
in general, edema is likely to appear when the 
plasma proteins are below 5.5 grams per 100 
cubic centimeters or the albumin is below 3 
grams per 100 cubic centimeters. 

The globulin factor aids in the resistance to 
infection. Cannon, Chase, and Wissler (5) in 
1943 demonstrated that the production of 
antibodies is only one-fifth to one-third as 
great in animals with protein deficits as it is 
when the proteins are normal. Cannon and 
Wissler with Woolridge and Benditt (6) found 
that normal human serum contains about 25 
milligrams per 100 cubic centimeters of globu- 
lin, of this 8 milligrams or one-third, may be 
gamma globulin, and it is in this one-third that 
antibodies are found. 

Our study is based upon the use of protein 
digest (amigen) in 203 surgical patients from 
my private practice in the first 10 months of 
1944. At two hospitals amigen was given in- 
travenously to most of the patients until they 
were able to take a soft diet by mouth. In 
another hospital I used no amigen but used 


glucose and physiological saline instead as a 
control. 

The eating habits of normal man are well 
established. He eats three meals a day and 
does not wait until he feels exhausted before 
consuming the next meal. It is no more logical 
to go several days after operation without 
adequate nourishment. It is even more hazard- 
ous, since there is loss of blood and marked 
excessive breakdown of protein in the trauma- 
tized tissues. The postoperative lassitude and 
weakness have been attributed to the opera- 
tion; however, may not the lack of nourish- 
ment be an important factor? 

In a series of 32 appendectomy patients 
without peritonitis we gave amigen once or 
twice on the day of operation. The next day 
they were placed on soft diets. An average of 
1,328 cubic centimeters of amigen and 62 cu- 
bic centimeters of other intravenous fluids 
were given each patient. Forty-three liters of 
amigen were administered and 5 per cent of 
these caused reactions in 2 patients. One was a 
patient with acute appendicitis and severe 
nephrosis. The preoperative pulse was 160, 
marked anasarca, and plasma protein was 
only 2.59 grams per 100 cubic centimeters. 
After the second infusion of amigen she was 
nauseated and vomited; this may have been 
due to the disease. She died of nephrosis 52 
hours after operation. The other reaction was 
nausea without vomiting after the first infu- 
sion. There was no reaction after the second 
infusion. Routinely these patients sit up in 3 
days and are dismissed in 5 days. They exhibit 
very little weakness. 

Twenty-six herniorrhaphy patients were 
given an average of 2,038 cubic centimeters of 
amigen, and of the 55 liters infused, there was 
a distressing reaction in 2 per cent. One pa- 
tient had nausea after the first of two infu- 
sions; which was probably not due to the infu- 
sion as she was nauseated at different intervals 
during the same day. 

An average of 3,625 cubic centimeters of 
amigen and 376 cubic centimeters of other in- 
travenous fluid were given to 28 cholecystec- 
tomy patients. In a total of 101 liters of ami- 
gen there was reaction to 4 per cent. One liter 
of amigen is given twice a day until nausea has 
ceased and the patient is ready to take a soft 
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diet. These patients are much stronger and are 
convalescing much more rapidly. Most of 
them now sit up in 5 days and return home in 
7. Of the 3 reactions, there was a general 
malaise in a nervous patient in which the infu- 
sion was given in 2 hours and 30 minutes. 
Two had nausea. In the first it was given too 
rapidly, 2 hours and 20 minutes; the other 
probably was not due to the amigen as she 
was developing symptoms of a bowel obstruc- 
tion for which she was again subjected to 
operation. 

The pelvic operation group were treated the 
same as those with cholecystectomies, and the 
results were similar. An average of 2,993 cubic 
centimeters of amigen, 139 cubic centimeters 
of blood and plasma, and 265 cubic centi- 
meters of other intravenous fluid were given to 
each patient. Of the 144 liters of amigen given, 
there were distressing reactions in but 4 per 
cent. There were 5 reactions of nausea and 1 of 
headache and dizziness. Four of the six reac- 
tions were due to too rapid an administration 
of amigen, 1 hour and 50 minutes to 2 hours 
and 30 minutes. These were all reactions to in- 
fusions given in the early part of this study. 
None had reactions with each infusion of 
amigen. One had reactions with 2 of the infu- 
sions received, and the others in only one. 

In a group of 17 thyroidectomy patients an 
average of 2,117 cubic centimeters of amigen, 
and 1,264 cubic centimeters of other intraven- 
ous fluid were given. Of the 36 liters of amigen 
infused there were distressing reactions to 11 
per cent. Two patients reported nausea, and 
one patient had emesis after two separate in- 
fusions. These patients were all rather thyreo- 
toxic. 

Fifteen mastectomy patients were given an 
average of 1,266 cubic centimeters of amigen 
and 66 cubic centimeters of other intravenous 
fluid. Distressing reactions were reported 
after the use of 5 per cent of the 1g liters of 
amigen. Dizziness was reported by 1 patient; it 
was not given too rapidly and the patient 
was not otherwise distressed. These patients 
were placed on a soft diet within a short time 
after operation. 

In a group consisting of 3 exploratory celio- 
tomies, 2 liberations of adhesions, 1 gastro- 
enterostomy, 2 leg amputations, 1 Kondoleon 
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operation for elephantiasis, an average of 22 
cubic centimeters of amigen was given pre- 
operatively to each patient. Postoperatively, 
they received an average of 4,555 cubic centi- 
meters of amigen, 22 cubic centimeters of 
blood, and 777 cubic centimeters of other in- 
travenous fluid. Of the exploratory celiotomies, 
one was an inoperable carcinoma of the gall 
bladder, another carcinoma of the rectosig- 
moid, and the third, carcinoma of the ovary 
with liver metastases. There were 2 deaths in 
this group, the carcinoma of the gall bladder 
and 1 of the leg amputations. In spite of an 
average of 5 infusions per patient there were 
no reactions in this group. 

In the following four series, the favorable 
results of protein digest intravenously were 
quite marked because a longer time elapsed 
before the patients were able to resume eating. 
They were given amigen, 1 liter twice a day, 
until it was safe to begin mouth feedings. Their 
maintenance of strength and well-being was 
outstanding, and they did not develop edema. 
There was no need to give food by mouth until 
peritonitis had subsided and until bowel re- 
sections had quite healed. 

In a group of 7 patients with peritonitis we 
gave an average of 6,326 cubic’centimeters of 
amigen, 228 cubic centimeters of blood, 114 
cubic centimeters of plasma, and 1,259 cubic 
centimeters of other intravenous fluid. Pro- 
tein is especially indicated in peritonitis as 
there is considerable protein loss into the peri- 
toneal exudate. In spite of the severity of ill- 
ness in these patients only two had reactions; 
one was an 11 year old boy who suffered chills 
but no fever, and the other, a reaction follow- 
ing the fifth of six infusions. This infusion was 
given too rapidly; we later discovered 2 hours 
and 30 minutes to be too short a period for 
satisfactory infusion. Of the 45 liters given 
there were distressing reactions to 4 per cent. 

In acute intestinal obstruction amigen is 
usually given preoperatively as well as after 
surgery. Three patients with acute intestinal 
obstruction were given, preoperatively, an 
average of 2,333 cubic centimeters of amigen 
and 5,166 cubic centimeters of other intra- 
venous fluid, and, postoperatively, 8,666 cubic 
centimeters of amigen and 666 cubic centi- 
meters of other intravenous fluid. Thirty-three 
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liters were administered and there was dis- 
tressing reaction in 3 per cent. One patient 
reported having a reaction of bad taste, nau- 
sea, and emesis after an infusion. It is doubtful 
if it was due to the amigen as she was a very 
ill patient. 

Ten patients upon whom gastric resections 
were done, mainly for carcinomas and benign 
ulcers, were given an average of 3,300 cubic 
centimeters of amigen, 50 cubic centimeters of 
blood, and 1,400 cubic centimeters of other in- 
travenous fluid preoperatively. Postopera- 
tively they received 10,000 cubic centimeters 
of amigen, 150 cubic centimeters of blood, and 
1,200 cubic centimeters of other intravenous 
fluid. There were no reactions to any of the in- 
fusions in this group. About one-half of the 
patients with carcinomas are hypoproteinemic, 
as judged by the reports of Karl Meyer; Mem- 
orial Hospital, in New York. (23); and the 
Brooklyn Cancer Institute (2). 


CANCER PATIENTS 
TOTAL BLOOD PROTEINS—GM. PER 100 C.C. 
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100 Abel’s studies 6.2 -6.9 3-9 -8. 59 
10 =| Our studies 6.5 -7.5 §-01-7.50 5° 
268 Group average 6.38-7.28 4.3 -8.3 50.7 





Therefore we correct anemia by blood trans- 
fusion and protein deficiency by protein, orally 
or intravenously, before operation. This group 
progressed remarkably well, with scarcely any 
complaints of weakness. 

The colostomy group of 8 patients were 
mainly for carcinoma. It included obstructive 
resections of the sigmoid. In these the clamp 
is left on for 4 or 5 days until the risk of severe 
infection of the wounds is reduced to a mini- 
mum. Preoperatively, they were given an 
average of 62 cubic centimeters of blood, and 
250 cubic centimeters of other intravenous 
fluid; postoperatively each received 10,000 
cubic centimeters of amigen, 1,105 cubic 
centimeters of blood, and 1,312 cubic centi- 


meters of other intravenous fluid. Eighty 
liters were administered with no distressing 
reaction. The patients’ strength remained 
good, and with gastric suction there was prac- 
tically no distention. 

In giving 730 liters of amigen intravenously 
to 203 surgical patients, there were no severe 
reactions. Most of the reactions reported 
were in the early part of this study, 76 per 
cent occurring in the first 5 months when 
many of the infusions were given too rapidly. 
However, there were reactions to only 3 per 
cent of the 730 infusions. If a 3 hour period is 
allowed for an infusion of 1000 cubic centi- 
meters of amigen we have little to fear from 
reactions. 

A group of 50 patients were used as a con- 
trol group during the time that we were mak- 
ing an investigation of the use of protein digest 
intravenously. They received glucose and 
physiological saline instead of amigen. They 
seemed to be weaker and slower in conva- 
lescing than those given protein digest. 

It is realized that the conclusions drawn are 
based upon clinical impressions alone. Plasma 
protein determinations have been of no avail 
since definite changes do not occur within a 
span of a few days, consequently they are of 
value only in chronic deficits. Unfortunately, 
there is no method of measuring the tissue 
protein and this is approximately thirty times 
as much as the plasma protein. Except for re- 
search purposes, it is impractical to determine 
the total plasma volume; roughly, it is about 
one-twentieth of the body weight. Therefore 
in an average 70 kilogram man there is 1/20 of 
70 kilograms or 3,500 grams of plasma. Plasma 
protein is normally 6.5 to 7.5 grams per 100 
cubic centimeters. Taking an average of 7 per 
cent the total serum plasma is .07 times 3,500 
grams which equals 245 grams. The total plas- 
ma volume is variable. For example, it is 
greatly reduced in dehydration or shock, and 
in such a state the total protein determination 


‘per 100 cubic centimeters may be considerably 


elevated, but because of the decreased plasma 
volume the plasma protein in the total amount 
of blood may be decreased. It is possible to get 
an estimate of plasma volume by determining 
the erythrocyte count, hemoglobin, and the 
specific gravity of the urine. 
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For a serum drop of 1 gram per 100 cubic 
centimeters the total drop in the plasma is 
approximately 35 grams. But as there is 
thirty times as much protein in the tissues, we 
must assume that the protein loss from the 
body would be 30 times 35 grams or 1,150 
grams. This drop would require 2 or 3 weeks if 
no protein at all were given. It is evident why 
it requires so much protein to return a patient 
with a chronic deficit to normal. 


CONCLUSIONS 


The use of protein digest intravenously has 
been proved by various investigators to be 
safe and efficacious in promoting general well- 
being and strength, and as an invaluable aid 
in tissue building, wound healing, combating 
infection, maintaining fluid balance, osmotic 
pressure, and optimal] gastric emptying. 

In our use of intravenous protein digest in 
203 patients, we found these results to be true; 
we endorse its safety as a therapeutic measure. 
We advocate the intravenous use of protein 
digest following major surgery as a routine 
measure, until such time as patients are able 
to take adequate nourishment by mouth, or 
until proper assimilation is assured. 

Our patients are clinically improved; they 
are stronger, display more pleasant cheerful 
attitudes, and are able to be about sooner than 
those who are not given this treatment. They 
have a quicker return of appetite, are more 
vigorous and ambitious in assuming accus- 
tomed activity, and show much less fatigue. 
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DISARTICULATION OF THE INNOMINATE BONE FOR 


MALIGNANT TUMORS OF THE PELVIC PARIETES 
AND UPPER THIGH 


EVERETT D. SUGARBAKER, M.D., F.A.C.S., and LAUREN V. ACKERMAN, M.D., 


Columbia, Missouri 


HE operative removal of varying 
portions of the pelvis along with the 
subjacent lower extremity has now 

been occasionally practiced for ap- 
proximately 50 years. Though a number of 
terms (interilioabdominal amputation; inte- 
rilioabdominal disarticulation, interpelviab- 
dominal amputation, interpelviabdominal 
disarticulation, interiliosacropubic disarticu- 
lation, hindquarter amputation, hemipelvec- 
tomy, transiliac amputation) have been ap- 
plied to operations of this general character, 
we have chosen the simple descriptive above 
because it most closely fits the cases to be pre- 
sented and constitutes what in our opinion is 
the ideal procedure in the majority of instances. 
The first attempt to accomplish such a 
removal is generally credited to Billroth, who 
in 1891 undertook to treat a sarcoma of the 
pelvis by this means. His patient died several 
hours postoperatively. Several other unsuc- 
cessful tries by Jaboulay and by Cacciopoli 
then followed, but in 1895 Girard resected a 
sarcoma of the upper femur carrying his line 
of division well up into the pelvis and was 
able to keep his patient alive postoperatively. 
A year earlier he had successfully removed a 
portion of the pelvis in another patient, but 
this was done for a stump recurrence of a 
sarcoma of the upper femur following an 
earlier hip joint disarticulation. Since then 
an increasing number of reports have been 
collected from time to time by various au- 
thors (12, 18). In the most recent of these, 
Leighton collected 106 cases. The addition of 
26 more, inclusive of the authors’ cases, brings 
the total to 132. Of this group, 99 have been 


operated on for tumors of bone or soft parts’ 


in the region of the upper femur or pelvis, 
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and it is with these that the present writing 
is concerned. 

In evaluating any operative procedure for 
malignant neoplasms, two primary factors 
must always be taken into consideration: the 
primary operative mortality and the ability 
of the operation to cure. The factor of dis- 
ability should also be considered in any op- 
eration as mutilating as this one, for there is 
no doubt that the disability is considerable. 
To date no satisfactory prosthesis has been 
designed which will enable these patients to 
walk, and ambulation must be accomplished 
with the help of crutches. 

Of the 99 cases listed, death occurred in 38 
at the time of operation, a mortality rate of 
38 per cent, and although the cause of death 
has not always been stated it seems apparent 
that shock was responsible for the great 
majority since death usually ensued either 
during or within a few hours of operation. 
With newer methods of treating this surgical 
complication, the mortality rate has dropped 
considerably. Prior to 1935, death occurred 
in 56 per cent of the recorded cases in the 
postoperative period, but in the past 10 years 
there have been only 6 postoperative deaths 
in the 42 patients operated upon, a mortality 
of 14 per cent. The average age of the group 
surviving operation was 35 years as compared 
to 40 years in the group which succumbed, 
additional reflection of shock as the major 
complication. 

Attempts to evaluate the end-results have 
been somewhat discouraging, as the length of 
follow-up in many instances has been inade- 
quate to draw any useful conclusions. Of 61 
patients surviving operation and followed up 
20 died of disease in 1 year, 2 up to 2 years, 
1 each up to 3 and 5 to 9 years. Nine were 
clinically well up to 1 year, 6 up to 2 years, 
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2 up to 3 years, and 4 from 5 to g years. Six- 
teen were not followed at all. Unfortunately, 
of the 21 patients who were reported clinically 
well we do not know how many later died of 
disease, though it is apparent that most of 
these patients died of disease within 1 year 
of operation, and 12 of the patients had sur- 
vived that period. 

A variety of tumors were found in the 45 
patients who were followed. There were 39 with 
tumors of the bone, 5 of the soft parts, and 1 
metastatic carcinoma (thyroid), who was alive 
1 to 5 years later. Of the tumors of bone, 
there were: 15 osteogenic sarcomas, 2 of the 
patients living 1 to 5 years; 1 each of the 
osteoblastic and osteolytic types; 2 periosteal 
chondrosarcomas, 3 living 1 to 5 years and 
4 dead within the 5 year period; 3 chondromas, 
I a postoperative recurrence and all living 1 
to 5 years; 1 each of Ewing’s sarcoma, benign 
giant cell tumor and neuroblastoma, each of 
the 2 latter living 1 to 5 years. Of the tumors 
of the soft parts, 3 were of muscle origin and 
2 of these were well 1 to 5 years; 1 extraosseous 
osteogenic; 1 unidentified. It is interesting to 
note that 2 of the 19 osteogenic sarcomas were 
living. Undoubtedly, the most favorable 
group. consists of those in which the primary 
site of origin is in cartilage. It was difficult 
in some instances to determine accurately the 
existing pathology, and the classification oc- 
casionally had to be made on the basis of 
inadequate data. 


ANATOMICAL STRUCTURES CONCERNED 


In severing one side of the pelvis, the fol- 
lowing structures must be divided: skin; 
muscles—(1) flat muscles of the anterior ab- 
dominal wall, (2) rectus abdominis, (3) ischio- 
cavernosus, (4) quadratus lumborum, (5) ilio- 
psoas, (6) gluteus maximus (sometimes saved), 
(7) pyriformis, (8) levator ani; ligaments— 
(1) iliolumbar, (2) sacrospinous, (3) sacro- 
tuberous; vessels—external iliac artery and 
vein, deep epigastric, gluteals (unless the 
gluteus maximus muscle is to be spared), 
pudendal; nerves—-branches of lumbar plexus; 
bone—symphysis pubis (or opposite pubic 
arch), sacroiliac joint (or sacral ala). 

Structures to be carefully guarded are: 
(1) ureter, (2) bladder, (3) rectum. 


PROCEDURE 


Our experience has been confined to the use 
of continual spinal anesthesia (5). The needle 
is placed in the third lumbar interspace and 
is included with the lower portion of the 
novocain tubing in the operative field, so 
that it may be more closely guarded or re- 
placed if necessary. Anesthesia is maintained 
at the level of the umbilicus. Transfusion is 
carried out throughout the entire procedure 
into the opposite upper extremity and small 
doses of pentothal are periodically given as 
needed to maintain light sleep. The patient 
is placed in an oblique position on the table 
and bolstered with sand bags. This position 
permits sufficient mobility for easy exposure 
both anteriorly and posteriorly. 

An incision is made from the posterior 
superior iliac spine to the symphysis ending 
just above the iliac crest and Poupart’s liga- 
ment. This incision gives access to the entire 
iliac fossa and vessels. The peritoneum is 
stripped away, or the peritoneal cavity is en- 
tered if desired that it be left on the tumor, 
or if for individual reasons it seems nec- 
essary to explore the peritoneal cavity at 
this point. 

The external iliac vessels are next identified 
and the artery is securely ligated about 1.5 
centimeters below the internal iliac. The leg 
is then elevated for several minutes in order 
to recover some of the blood contained in it, 
following which the vein is ligated. The deep 
epigastric vessels are ligated and the pubic 
attachment of the rectus abdominis muscle 
is divided. The bladder is stripped away from 
the pubis, the penis is retracted toward the 
opposite side, and the symphysis is divided 
either with a knife or by passing a Gigli saw 
behind it and cutting from within outward. 
The pubic attachment of the ischiocavernosus 
muscle is divided close to the bone. Severe 
bleeding from the periprostatic and _ peri- 
urethral venous plexus may be encountered 
at this point. Exposure is usually inadequate 
at this point, and the bleeding is best con- 
trolled by sponge packing until the specimen 
has been removed. 

The skin incision is then continued from the 
posterior superior iliac spine in a downward 
lateral direction. The flap will be adequate if 


38 SURGERY, GYNECOLOGY AND OBSTETRICS 


the incision is traced over the greater tro- 
chanter of the femur and follows the gluteal 
fold downward medially and forward to meet 
the anterior incision at the pubic tubercle. 

If the gluteus maximus is to be spared, its 
attachment to the ileum behind the posterior 
gluteal line is freed. If it is not to be spared, 
the flap consisting of skin and subcutaneous 
fat is dissected almost to the sacral midline 
and the attachment of the gluteus maximus 
to the sacrum is freed. The extremely tough 
and short iliolumbar ligament is next cut and 
also the sacrospinous and sacrotuberous liga- 
ments. The piriformis and levator ani muscles 
are divided, with the rectum carefully re- 
tracted out of the way. The ureter is iden- 
tified and the iliopsoas muscle is divided. The 
sacroiliac joint and large posterior nerve 
trunks are now all that attach the specimen 
to the patient. These nerve trunks are sepa- 
rated from the bone by blunt finger dissection. 

If the largest gluteal muscle is to be spared, 
care must be exercised at this point in regard 
to the gluteal vessels which tend to adhere to 
the bone. Unless they are carefully palpated 
and stripped off they will be caught in the 
saw with resultant vigorous bleeding which 
cannot be controlled until the division of the 
bone has been completed. The bone being 
quite broad at this point, it is cut most easily 
with a Gigli blade passed about it with a long 
curved clamp. Because the surface of the 
sacroiliac joint is so irregular, a thin layer of 
ilium may be cut through. If the tumor is of 
soft part or femoral origin, this does no harm. 
However, if the tumor has extended close to 
the joint, transection is carried through the 
ala of the sacrum. 

The large nerve trunks are simply ligated 
and divided so that their proximal ends re- 
tract well above the level of bone section. 
Removal of the specimen is now possible and 
one immediately becomes aware that the re- 
maining wound is not nearly as large as had 
been imagined. The bleeding, especially about 
the prostate or urethra, which earlier seemed 
difficult to control because of its location, is 
now easily accessible to treatment. Bone wax 
may be used to control ooze from the sacrum. 
Drains are placed at each angle of the wound 
and the edges of the flap are approximated to 


those of the abdominal wall. A snug pressure 
dressing is applied. 


RESUMPTION OF FUNCTION 


It has been our custom to allow an indwell- 
ing urinary catheter to remain in place for 48 
hours after which voiding has ‘taken place 
normally. There has been no difficulty with 
defecation. Final and complete loss of an al- 
ready flagging ability to sustain an erection 
occurred in Cases 1 and 2. Case 4 states that 
she is able to practice intercourse comfortably. 
Judin’s patient bore a child easily and with- 
out incident 2 years following the operation. 

All our patients have been out of bed from 
6 to 10 days after operation and have had no 
difficulty in learning to sit on one tuberosity. 
Ambulation must be carried out by the use 
of crutches. 


SKIN FLAP FORMATION 


A great deal of attention has been paid in 
the literature to the type of incision employed. 
Suffice to say, this should always receive con- 
sideration secondary to that given wide sur- 
gical removal of the tumor. In general, short 
flaps, designed to take maximum advantage 
of the remaining blood supply, applied snugly 
to the underlying parts, heal the best. Others 
have found that when no flaps at all are avail- 
able, secondary grafts may be applied to the 
extraperitoneal fascia with satisfactory re- 
sults. The employment of a posterior flap, as 
first used by Girard, has been in our experience 
most often applicable. The long medial flaps 
with some underlying adductor muscle and 
the preservation of the obturator artery used 
by Jaboulay offer additional technical ob- 
stacles and have, with rare exception, failed. 
Sparing the adductor attachments and saving 
the obturator vessels necessitates leaving or 
removing the innominate bone in fragments. 
This will sometimes risk incomplete removal 
or spillage of the tumor. 


VESSEL LIGATION 


Trite though it may seem, it should be men- 
tioned that vessel ligation should be deferred 
until the local operability of the case has been 
definitely confirmed. Although late ligation 
of the iliacs has been suggested by some, there 
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would seem to be little point in not ligating 
major vessels early in a procedure of this size. 
Frequently the common iliac artery has been 
ligated offering the advantage of less bleeding 
posteriorly from parietal branches of the in- 
ternal iliac. However, in these cases the oc- 
currence of posterior flap necrosis has been 
fairly common. The optimum point for liga- 
tion is, therefore, the upper end of the external 
iliac artery just below the internal. Tem- 
porary atraumatic occlusion of the common 
iliac or of the internal iliac (after ligation of 
the external iliac artery) with release after the 
specimen has been removed, may be done 
safely if the vessels are not too sclerotic. 


MUSCLE 


Judin attached considerable importance to 
saving the gluteus maximus together with its 
nerves and vessels for later suturing to the 
abdominal muscles anteriorly in order to bet- 
ter support the abdominal contents. Admit- 
tedly, this is occasionally possible without 
running the hazard of closely approaching 
tumor tissue and in t case we were able to 
do this satisfactorily. However, in our ex- 
perience there has been no flap bulge nor have 
our patients complained of any sensations of 
weakness when the flap has consisted merely 
of skin, subcutaneous fat, extraperitoneal 
fascia, and peritoneum. Reasons for saving 
the gluteus maximus would therefore seem 
more hypothetical than real. 

Endeavors to spare the attachment of the 
rectus abdominis muscle also appear to have 
little justification as their detachment pro- 
duces so little change. 


BONE SECTIONING 


In the past a number of factors unrelated to 
the tumor have often been influential in deter- 
mining the site for sectioning the innominate 
bone. Perhaps the most appealing of these 
was the desire to allow the patient to wear a 
prosthesis. To fulfill this all or almost all of 
the ileum was usually left attached to serve 
as a supporting shelf. In the German litera- 
ture there are several photographs showing 
these appliances in place, but it seems likely 
that they were not very satisfactory when one 
considers how little is accomplished prosthet- 


ically for patients who have had hip joint 
disarticulations without removal of any of 
the pelvis. 

The wish to retain for the patient the ability 
to sit has occasionally resulted in sparing the 
ischial tuberosity and therefore the symphy- 
seal portion of the pubis, but this effort loses 
force when it is seen how easily these patients 
balance on one tuberosity even only a few 
days postoperatively and eventually seem to 
do as well with one tuberosity as they ever 
did with two. 

Resulting in perhaps the greatest number 
of incomplete removals of the innominate 
bone has been a tendency to cut across the 
sciatic notch, leaving all of the ilium proximal 
to that point. In most instances this seems 
to have been prompted by the desire to dimin- 
ish the extent of the procedure. Such a short 
cut may be justified for moderate sized tumors 
of the upper femur but certainly not for large 
tumors of the pelvic parietes or of the in- 
nominate bone itself. Of 22 patients surviving 
operation whose tumor was definitely stated 
to involve the innominate bone, 16 were 
treated by partial removal and only 6 by com- 
plete removal of that bone. It is impossible 
to say because of poor follow-up what actually 
happened as a result of this, but the necessity 
for wide removal of osteogenic sarcomas of 
long bones is so well known that confirmation 
is hardly necessary here. The innominate 
bone is a very cancellous structure (Fig. 1) 
and offers little internal resistance to the 
spread of tumor. When the tumor lies at 
either extremity adjacent to the joint it is 
probable that transection should be made be- 
yond the joint. Pringle hinted at the ad- 
visability of this 30 years ago but his sugges- 
tions have not been well followed. 

The following 6 cases illustrate the varying 
types of tumor pathology encountered at our 
hospital : 


CasE 1. J. E. D. EFSCH No. 4195. This pa- 
tient, a 68 year old man, entered the hospital May 5s, 
1942. About 8 years previous to admission there 
had been an injury to the right hip and about 1 year 
prior to entry a lump appeared in the upper portion 
of the right thigh. This lump became painfully sen- 
sitive and gradually increased in size. With the 
increase in the size of this mass came a limitation of 
motion with subsequent necessity for a cane. The 
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right leg became somewhat swollen and the patient 
lost some weight. 

Physical examination revealed a rather poorly 
developed, pallid male with evidence of recent weight 
loss. The chest was somewhat emphysematous. The 
blood pressure was 160/76. Blood count showed a 
moderate secondary anemia. In the right lower 
quadrant, there was a hard mass apparently fixed to 
the ilium and pubis. The regional nodes were not 
enlarged. There was also a firm mass involving the 
inner aspect of the right innominate bone. Fullness 
was present in the femoral triangle, but the femur 
could be flexed. The prostate was about four times 
its normal size. An x-ray examination of the chest 
taken on June 1, showed no evidence of metastases. 
Roentgenograms revealed a large soft tissue mass in 
the pelvis overlying the right hip joint and inguinal 
region. The right femur was in slight abduction. 
Ill defined curvilinear plaques of calcific density 
were noted in and about the margins of the tumefac- 
tion. There were extensive irregular osteolytic bone 
changes involving the mesial acetabular aspect of 
the right iliac bone and horizontal ramus and pubic 
body. The mesial superior margin of the tumefac- 
tion extended obliquely upward from the superior 
right level margin of the symphysis pubis to the in- 
ferior margin of the sacroiliac joint. There was 
almost complete loss of substance throughout the 
horizontal ramus and the pubic body. In several 
areas the osteolytic change had a vacuolated ap- 
pearance. The mesial rim of the acetabulum was 
absent and the joint space on that side was narrowed. 
The articular margin of the head was intact but only 
the lateral inferior margin of the right obturator 
foramen remained. More recent osteolytic bone 
changes were noted in the descending rami on the 
right. X-ray diagnosis: osteogenic sarcoma (Fig. 2). 

Microscopic examination of a biopsy specimen 
showed a chondrosarcoma. Because of the low blood 
count the patient was given several preoperative 
transfusions. A disarticulation of the innominate 
bone was done on June 19, 1942. Because of the 
known extension of tumor up to the symphysis, the 
crura of the penis were detached and bone division 
was carried 2.5 centimeters to the opposite side (left) 
of it. In order to resect widely for similar extension 
to the sacroiliac joint, the right ala of the sacrum 
was removed. In freeing the pelvic viscera from the 
medial aspect of the tumor, some adherence to the 
prostate was noted. Accordingly the capsule and a 
thin rim of underlying lateral prostatic lobe were 
removed with the tumor. The gluteus maximus 
muscle was preserved but in cutting through the 
sacrum the inferior gluteal artery was inadvertently 
severed. During closure, however, the entire muscle 
was thought to be viable. The postoperative course 
was complicated by severe phantom pains for about 
2 weeks. The wound on the tenth postoperative day 
began to exude serum. A portion was opened and 
aseptic necrosis of part of the gluteus muscle was seen. 
After débridement, healing progressed uneventfully 
and the patient lett the hospital August 16, 1942. 


Examination of the surgical specimen showed no 
evidence of involvement of regional lymph nodes or 
veins. After the femur was disarticulated tumor 
was found to surround and partially to destroy the 
acetabulum (Fig. 4). The obturator internus muscle 
had been largely replaced by tumor. On section, the 
main tumor mass had obviously replaced muscle and 
was apparently forming bone. It extended anteriorly 
and posteriorly to form a huge mass. The space be- 
tween the synchondrosis and symphysis pubis was 
filled with tumor although section through the sym- 
physis showed an apparently adequate margin. The 
tumor had grown up into the ilium, extended out 
into the ischium, and destroyed the pubis on the 
right (Fig. 3). The bone marrow of the left pubis at 
its point of transection was apparently normal and 
the sacrum showed no evidence of involvement. 

Microscopically, this malignant tumor varied con- 
siderably in different sections. Neoplastic osteoid 
tissue and bone were evolving directly from a sarco- 
matous stroma in several areas. In others, cartilage 
was undergoing calcification and ossification. In the 
deeper tissue of the thigh within the muscle, the 
tumor was very cellular with many mitotic figures 
and little or no cartilage or bone formation (Fig. 
5 aand b). In the region of the acetabulum, carti- 
lage cells with giant and multiple nuclei were ob- 
served. The margin of the excision was narrow 
posteriorly but adequate at the symphysis. 


This lesion was classified as an osteogenic 
sarcoma rather ‘than a chondrosarcoma be- 
cause neoplastic osteoid tissue and bone were 
evolving directly from sarcomatous stroma. 
However, because of the large amount of 
cartilage and its relatively well differentiated 
character as a whole, this tumor has a better 
prognosis than the osteogenic sarcoma which 
is extremely cellular and vascular. Grossly 
and microscopically the excision was adequate. 
At the end of 2 years, the patient was without 
evidence of local recurrence or distant metas- 
tases. A prostatectomy was necessary on 
December 6, 1943. The prognosis should be 
good in view of the time that has elapsed 
since operation (Fig. 6). 


CasE 2. J. D., EFSCH No. 4981. This patient, 
a 68 year old man, entered the hospital February 12, 
1943. Eight months previous to admission, there 
had been an injury to the region of the left ischial 
tuberosity and shortly thereafter a mass formed 
which slowly but progressively enlarged. During the 
last month prior to hospitalization, this mass in- 
creased in size very rapidly but was never painful 
nor did it cause any difficulty in walking. 

Physical examination revealed a fairly well de- 
veloped, somewhat undernourished male. There was 
a huge fusiform mass on the posterior medial aspect 
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Fig. 1. Innominate bone, sagittally sectioned to demon- 
strate markedly cancellous nature. Strong argument for 
complete removal when involved by tumor. 


of the upper third of the left thigh extending from 
the ischial tuberosity to about 15 centimeters above 
the medial condyle of the femur (Fig. 7). The over- 
lying skin was not adherent to it. In the left groin 
there was a small tumor measuring 5 centimeters in 
diameter, thought to be distinct from the main mass. 

X-ray examination confirmed the extent of the 
mass. The underlying bone was normal and the 
x-ray film of the chest was negative. Aspiration 
biopsy of the tumor showed an undifferentiated sar- 
coma. Operation was refused and the patient left 
the hospital on February 21, 1943. He returned 





Fig. 3. Roentgenogram of specimen, Case 1, accentuate 


ing the extensive bone destruction, 
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Note 


Preoperative roentgenogram. 
marked osteolytic bone changes. 


Fig. 2. Case 1. 


March 11 and the following day a disarticulation of 
the innominate bone was done. 

The tumor mass in the upper thigh had a circum- 
ference of 60 centimeters and was not associated 
with the overlying skin, subcutaneous tissue, tendon 
sheaths, joint cavities, or nerves. It had stretched 
the abductor muscle to a convex curve and was in- 
timately associated with the quadriceps extensor 
muscle of the thigh. On section the mass was fairly 
well delineated and made up of firm coalescing grey 
nodules (Fig. 8a). It apparently contained no bone. 
All regional nodes were enlarged but grossly unin- 
volved by tumor. There was no evidence of blood 
vessel invasion. The small mass in the groin was 
found to be a continuation of the main growth. 





ra 
me late 


Fig. 4. Note tumor growing around the acetabulum, 


Case 1. 








Figs. 5. a, above, and b, Photomicrographs (high power) 
from two areas showing the variable histologic picture. 


Microscopically the tumor was very cellular, com- 
posed of extremely irregular and variable shaped 
cells which showed numerous mitotic figures. There 
were many trabeculae of atypical osteoid tissue 
present (Fig. 8b). The tumor was obviously not 
primary in the muscle, but appeared to arise from 
the connective tissue framework. Diagnosis: extra- 
osseous osteogenic sarcoma of the quadriceps exten- 
sor muscle (28). 

Four months later x-ray examination of the chest 
was still negative but at the end of 6 months there 
was evidence of pulmonary metastases and the pa- 
tient died January 1, 1944. Permission for autopsy 
was not obtained. 


It has been postulated by Leriche and 
Policard that in the formation of heterotopic 
bone two things must be present: embryonic 
fibroblast and an excess of calcium. Butler 
reported a case in which a metastasizing osteo- 
genic sarcoma developed from a bulky, cal- 
cifying hematoma. However, Mallory (22 
pointed out through a series of x-ray films in 
2 cases that the active phase of metaplasia 
may occur before the deposition of significant 
quantities of calcium. X-ray examination of 
our patient showed no evidence of calcifica- 
tion and multiple sections showed osteoid 
tissue but no bone. Virchow, Mallory (21), 
and Leriche and Policard believe that meta- 
plasia of connective tissue can form cartilage 


42 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 6. Postoperative photograph of patient, Case 1. 


and bone, and experimental studies by Asami 
confirm this observation. This was evidently 
the mechanism in our case. 

These tumors are extremely rare and most 
cases reported in the literature have insuf- 
ficient histologic study and follow-up to be of 
value (3, 8, 14, 22, 31, 32). Meticulous dis- 
section of the surgical specimen is most im- 
portant in determining the exact site of origin. 
There is a question whether trauma might 
have influenced the genesis of this growth. 
The prognosis was poor in spite of the tech- 
nical success of the operative procedure. 


CasE 3. M. W., EFSCH No. 4999. This patient, 
a 72 year old man, was first admitted to the hospital 
on February 17, 1943. Seventeen months before, 
he noted a growth in the upper portion of the right 
thigh. This grew rapidly in size, particularly during 
the last month. There was no history of previous 
injury, no associated pain or genitourinary symp- 
toms but there had been a 12 pound weight loss in 
the past 7 months. 
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Fig. 7. Case 2. Left, Preoperative photograph demon- 
strating soft tissue tumefaction. 
Fig. 8. a, right, above, Cross section of gross specimen. 


Physical examination revealed a well developed, 
slightly undernourished male who walked with a 
slight limp, favoring his right side. No masses were 
felt in the abdomen. In the right groin there was a 
firm, fairly well fixed mass measuring 17.5 centi- 
meters in diameter and 8 centimeters deep extending 
from the midinguinal region down approximately to 
the ischial tuberosity. In the midinguinal region 
there was a firm lymph node measuring 4.5 by 5.5 
centimeters. The urine examination, and alkaline 
and acid phosphatase were normal. 

There was no evidence of metastases in the roent- 
genograms of the chest, pelvis, or hip joints. In an 
arteroposterior and lateral view of the proximal por- 
tion of the right femur, the pelvis was rotated and a 
large soft tissue tumor was noted. There was com- 
plete destruction of the right pubic body and ad- 
jacent portions of the descending and _ horizontal 
pubic rami on this side (Fig. 9). There was no evi- 
dence of bone production in the region of the soft 
tissue mass. X-ray diagnosis: primary bone tumor 
with the characteristics of an osteolytic sarcoma. 
Intravenous pyelography done on February 24, 
1943, Was essentially negative. 

The lesion of the inguinal lymph node was thought 
to be a metastatic liposarcoma on biopsy examina- 
tion. As these tumors are apparently radiosensitive 
(27), the patient was given intensive radiotherapy 
between March 1 and May 28, 5 large fields and 
totalling 15,o5or being used. The tumor was reduced 
to about half its original size. However, because it 


Note lobulated appearance with sciatic nerve free from 
evidence of invasion. b, below, Photomicrograph (high 
power) of tumor. Very cellular with osteoid tissue. Case 2. 


was persistently present and thought to be a primary 
liposarcoma of the bone, a disarticulation of the 
innominate bone was done on June 10. Because of 
the irradiation, fibrosis was marked and cleavage 
planes were largely obliterated, greatly adding to 
the difficulties of the procedure. The patient died 
4 hours after operation in irreversible shock. 

Gross examination of the surgical specimen 
showed marked destruction of the rami of the pubis 
with extension of tumor into the soft tissue and 
metastases to the inguinal lymph nodes. In the 
more superficial areas, necrosis and marked radiation 
effect in the soft tissue and muscle were present, but 
in the deeper areas, growing luxuriantly in the bone, 
tumor was present without evidence of radiation. 
The microscopic diagnosis was a metastatic adeno- 
carcinoma, probably of kidney origin and at autopsy, 
the upper pole of the right kidney contained a well 
circumscribed yellow tumor measuring 4 centimeters 
in diameter (Fig. 10). Although it caused practically 
no distortion of the renal pelvis, dissection showed 
invasion of the radicals of the renal vein leading to 
this area. Metastatic disease had replaced the iliac 
lymph nodes on the right, but no tumor was present 
in the lungs or bones. 


The differential diagnosis between a lipo- 
sarcoma and a metastatic adenocarcinoma of 
bone originating in the kidney is at times dif- 
ficult, although liposarcomas rarely metasta- 
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Fig. 9. Case 3. Preoperative roentgenogram. Note 
complete destruction of right pubic body. 
size to the regional lymph nodes. Micro- 


scopically they both may reveal large amounts 
of sudanophilic fat and glycogen. If multiple 
sections of the metastatic focus are taken and 
there are no papillary or glandular structures 
as in our case, the diagnosis is obscure. The 
primary kidney tumor may be so small, as in 
this instance, that pyelograms cannot deter- 
mine the diagnosis. The most important find- 
ing in the microscopic appearance is the 
character of the individual cells. In the renal 
cell carcinoma, the nuclei are centrally located 
with well defined outlines and rather foamy 
vacuolated cytoplasm (Fig. 11a). Liposar- 
comas, on the other hand, invariably have 
some cells with eccentric nuclei which are 
compressed to a crescentic shape by the fat 
filled cytoplasm (Fig. 11b). The absence of 
these cells, in this case, plus the involved 
inguinal lymph nodes should have determined 
the biopsy diagnosis. 

Case 4. F. P., EFSCH No. 3180. Ten months 
previous to admission on August 2, 1941, this 19 year 
old married girl first noted a firm painless lump in 
the left axilla apparently attached to a rib. Four 
months later, pain developed in the right leg, fol- 
lowed in ancther month by the appearance of a mass 
in the right upper thigh. There had been no con- 
stitutional symptoms or weight loss and the family 
history was free of similar disease. 

Physical examination revealed a short, small 
boned but well proportioned female with some de- 





Fig. 10. Gross photograph of kidney showing small, well 
delineated tumor with little or no distortion of the right 
pelvis. 


formity and shortening of the left arm. On the chest 
wall there were several firm masses, apparently at- 
tached to ribs. On the lateral surface of the right 
upper thigh was a large mass with the overlying skin 
tense but not attached to it. The leg measured 57 
centimeters at the point of greatest circumference. 
The regional lymph nodes were not enlarged. 

X-ray examination revealed a large cartilaginous 
exostosis arising from the left fourth rib, but no 
evidence of metastases to the lungs. Smaller exos- 
toses were present in both humeri, radii, and ulnae. 
There was a lateral luxation of the left radial head 
with bowing of both radial shafts. Both ulnae were 
considerably shorter than the radii as the distal ends 
of both ulnae had failed to develop. Exostoses of the 
femora, tibiae, fibulae, and pelvis were also present. 
Occupying the lateral and anterior aspects of the 
right thigh there was an enormous soft tissue tume- 
faction extending from above the level of the greater 
trochanter downward to the midpoint of the shaft 
(Fig. 12). Throughout this tumefaction, grouped 
for the most part lateral and anterior to the tro- 
chanteric portion of the femur, were numerous 
blotchy areas of variable shapes and densities. The 
x-ray diagnosis was multiple cartilaginous exostoses 
with apparent malignant change in the tumor oc- 
cupying the region of the right upper thigh. 

Routine laboratory examinations were not re- 
markable. A biopsy specimen taken September 1 
showed questionable chondrosarcoma. The patient 
was seen by several consultants who advised against 
surgery, not only because of the operative risk but 
because of the poor prognosis, and the patient left 
the hospital on September 28. 

At each of the subsequent follow-up clinic visits, 
however, we strongly recommended operation. 
Roentgenograms showed fairly rapid increase in the 
size of the tumor, but it was not until August 23, 
1943 (about 2 years later), that the patient finally 
consented to surgery (Fig. 13). She was still in 
relatively good general condition, although there 
had been marked weight loss. The tumor now ex- 
tended from the superior iliac spine to just above 
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Fig. 11. a, left, Photomicrograph (high power) of carcinoma of the kidney. Note 
centrally placed nucleus and granular cytoplasm. b, Photomicrograph (high power) of 
liposarcoma. Note crescentic shaped nucleus and clear cytoplasm. 


the patella. The overlying skin was tense and shiny 
and the circumference of the leg had increased from 
57 to 100 centimeters (Figs. 14, 15). 

On August 27, a disarticulation of the right in- 
nominate bone was performed. No attempt was 
made to save the gluteus maximus muscle because 
of posterior encroachment of tumor. The operative 
and postoperative courses were uneventful, and the 
patient was discharged from the hospital on the 
16th day. The preoperative weight was 106 pounds 
and the postoperative weight 53 pounds, the speci- 
men representing a loss of one-half the total body 
weight. 

Gross examination showed the tumor growing just 
beneath the skin but unattached to it (Fig. 16). It 
extended up to the obturator foramen and was 
firmly attached to the upper third of the femur. The 
tumor apparently arose from the cartilaginous cap 
of the greater trochanter of the femur, but did not 
invade the femur itself (Figs. 17, 18). It was firm, 
irregularly cystic with its greatest bulk projecting 
anteriorly and laterally (Fig. 19a). Numerous large 
blood vessels coursed over its surface. On section, 
it cut with increased resistance and small flecks of 
bone were felt throughout. It was glary light yellow 
in appearance and the cystic spaces contained sticky, 
thick fluid. There was no gross evidence of vein or 
lymph node involvement. 

Microscopic examination showed, predominantly, 
adult cartilage with numerous scattered areas of 
bone formation. The matrix of the tumor was an 
intense blue in color. The individual cartilage cells 
were uniform in appearance and there were no giant 
forms, or multiple nuclei but rare mitotic figures 
and plump nuclei were seen (Fig. 19b). The lymph 


nodes and veins were uninvolved, and the excision 
apparently was adequate. The microscopic diag- 
nosis was chondroma with probably malignant 
degeneration. 

In 28 cases of multiple exostoses reported by 
Lichtenstein 3 developed malignant change. 
He feels that probably the number of cases 
would have been higher if more time had been 
allowed to elapse. According to Lichtenstein’s 
histologic criteria, our case should be classified 
as questionably malignant. However, if one 
takes into consideration the gross appearance, 
the clinical course, and the fact that other 
cases have been known to develop distant 
metastases, then a diagnosis of chondrosar- 
coma is justified. The peripheral chondro- 
sarcoma has a much better prognosis than the 
one arising centrally. It tends to grow slowly, 
remain localized for a long period of time, 
recur if inadequately removed and finally to 
metastasize through the blood stream (23). 
The metastases are often only extension of the 
tumor into the large veins and have been 
known to spread all the way from the femoral 
vein to the pulmonary artery (17, 30). 

This disease has been classified by some as 
multiple cartilaginous exostoses but is prob- 
ably best designated as chondrodysplasia. The 
fundamental cause lies in the proliferation 





46 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 12. 


Fig. 13. 





Fig. 14. Fig. 15. 


Fig. 12. Case 4. Roentgenogram of tumor 2 years before 
operation. 

Fig. 13. Preoperative x-ray film showing tremendous 
increase of size. 

, Fig. 14. Case 4. Preoperative photograph of patient 

(front view). 

Fig. 15. Preoperative photograph of patient (side view). 

Fig. 16. Surgical specimen. After removal patient’s 


weight dropped from 106 to 53 pounds. 
Fig. 17. X-ray film of specimen. 





Fig. 20. Fig. 21. 


Fig. 18. Photograph of the gross specimen showing 
probable site of origin of the malignant tumor. 

Fig. 19. a, left, Gross specimen, cross section. Note 
the cystic spaces which are responsible for blotchy areas 
in the roentgenogram. b, Photomicrograph (high power) 
of tumor showing fairly adult cartilage. Case 4. 

Fig. 20. One year postoperative photograph of patient 
(front view). 

Fig..21. One year postoperative photograph of patient 
(side. view). 
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Fig. 16. Fig. 17. Fig. 18. 
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Fig. 22. Case 5. a, left, Gross photograph of tumor demonstrating central hemorrhage 
and peripheral cellular tumor. b, Photomicrograph (high power). Note giant tumor cell. 


and ossification of bone-forming cartilage. It 
is hereditary in nature, the proliferation and 
ossification of intermediate cartilage occurring 
during the period of skeletal growth (6, 7, 16). 

This patient has gained 30 pounds since 
operation, is in excellent general health and 
is able to use her crutches very well (Figs. 20, 
21). A prostheses may be made. In view of 
the pathology and wide excision the prognosis 
appears excellent, although it is possible that 





lig. 23. Postoperative x-ray film. 





malignant changes may develop in one of the 
other lesions. 


CasE 5. W. H. L., EFSCH No. 6281. The pa- 
tient, a 58 year old male, was admitted to the hos- 
pital on April 21, 1944. Pain in the right groin, 
partially relieved by flexion of the thigh on the hip 
was first noticed 6 weeks before. There was also 
increasingly severe pain radiating down the posterior 
surface of the thigh causing discomfort in flexion. 
There was no history of trauma, previous treatment, 
or weight loss. 

Physical examination revealed a well developed, 
well nourished male whose right thigh was flexed 
at the hip. There was marked muscle guarding in 
the right iliac fossa and a large firm mass, question- 
ably attached to the ilium, could be felt. 

Barium enema revealed an extrinsic pressure de- 
fect of the cecum at the level of the iliac crest. In- 
travenous pyelography showed mesial displacement 
of the right mid-ureter. The chest plate was nega- 
tive. Aspiration biopsy of the mass showed an 
unclassified sarcoma. 

As there was no evidence of distant metastases, 
an exploratory operation was done. The incision 
began just above the posterior superior spine of the 
right ilium and curved inferiorly and medially 
parallel to the crest of the ilium down across Pou- 
part’s ligament, and the peritoneum was opened 
anteriorly above the mass. No abnormalities of the 
abdominal contents were noted. A large rubbery 
mass occupying the upper portion of the wing of the 
ilium and extending on up along the psoas almost 
even with the attachments to the transverse proc- 
esses of the lumbar vertebra was present retro- 
peritoneally. Medially, the mass extended nearly to 
the lower lumbar vertebra. Several large vessels 
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Fig. 24. Case 6. Left, Preoperative x-ray film showing tumor and area of fracture. 
Fig. 25. X-ray film of specimen. 


entered it. The peritoneum medial to the mass_was 
incised and resutured to the peritoneum anteriorly 
thus closing the cavity leaving undisturbed the 
peritoneum directly overlying the mass. The ex- 
ternal iliac vessels were partially surrounded but not 
infiltrated by tumor. Although the right ureter was 
displaced, it appeared to be uninvolved. Anything 
short of wide radical removal would doubtless result 
in a recurrence around the external iliac vessels and, 
accordingly, a disarticulation of the innominate bone 
was carried out. The specimen consisted of the right 
hind quarter. The symphysis pubis had been divided 
in the midline and the scrotum just medial to the 
iliac joint. There was a rounded, soft, somewhat 
cystic mass measuring 15 by 10 by to centimeters 
incorporated in the psoas muscles but lying for the 
most part in the iliac fossa extending 5 centimeters 
above it. The psoas muscle was thinned out and 
surrounded the tumor mass. On section, actual bone 
involvement was absent. The tumor was soft yel- 
lowish gray in color and areas of hemorrhage were 
present. It apparently arose from the iliopsoas 
muscle (Fig. 22a). The nodes showed no gross 
evidence of tumor. 

Microscopically the tumor was undifferentiated 
and showed apparent transition from muscle. Cross 
striations could not be definitely demonstrated but 
they are often not present. There were many 
mitotic figures and bizarre giant forms present (Fig. 
22b); Rakov states these large cells are always seen 
in undifferentiated form of rhabdomyosarcoma. 

The postoperative course was uneventful for 16 
days (Fig. 23) when the patient complained of some 


lower right chest pain. There was no hemoptysis 
and roentgenogram of the chest was not remarkable 
though the symptoms suggested a small pulmonary 
embolus. The patient died suddenly the next day 
with symptoms corresponding to a large pulmonary 
embolus. Permission for postmortem examination 
was not granted. 


The location of this tumor, the gross ap- 
pearance, apparent origin from muscle and 
the microscopic findings all substantiated the 
diagnosis of rhabdomyosarcoma. If the pa- 
tient had recovered from the operation, pul- 
monary metastases or local recurrences would 
probably have developed within a year. 


CasE 6. J. G., EFSCH No. 7018. A 55 year old 
male was admitted to the hospital on December 2, 
1944. Four years before the patient suffered severe 
trauma to the left thigh. The site of injury was 
painful for several days, but there were no further 
symptoms until November, 1943, when a dull, ach- 
ing persistent pain, not exaggerated with motility 
started in the upper portion of the left hip. In May, 
1944, he turned his left leg with a cracking sound, 
fell to the ground unable to move the leg and was 
taken to a local hospital. Shortly thereafter a large 
mass developed in the left thigh and he was referred 
to this hospital for treatment. 

Physical examination showed a well developed, 
fairly well nourished male. In the left upper thigh 
there was a fusiform mass measuring 65 centimeters 
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Fig. 26, left. Gross photograph of specimen. 

Fig. 27. a, right, Gross photograph of specimen on cut section, demonstrating area 
of hemorrhage, gelatinous character of tumor, zone of fracture, and extension of tumor 
into medullary cavity. b, above, Photomicrograph (high power) demonstrating plump 


and multiple nuclei. 


in its greatest circumference. The skin was tense 
and shiny but moved smoothly over the firm, under- 
lying suggestively cystic mass. A few superficial 
veins were present. 

Laboratory examinations showed only slight sec- 
ondary anemia. The acid and alkaline phosphatase 
were normal. X-ray examination showed a destruc- 
tive bone lesion with a fracture of the neck of the 
left femur (Fig. 24). There was a large soft tissue 
mass of varying densities in this area. Roentgeno- 
gram of the chest showed no evidence of metas- 
tases. 

Several preoperative transfusions were given and 
on December 4 a disarticulation of the left innomi- 
nate bone was performed without incident. The 
postoperative course was uneventful except for 
aseptic sterile necrosis of approximately 2 square 
inches of the flap. 

Pathological examination showed a large tumor 
replacing the upper third of the femur (Figs. 25 and 
26). It extended out into the soft tissue across the 
bone fracture and continued downward into the 
upper third of the medullary portion of the shaft 
(Fig. 27a). The tumor was quite soft, mucoid, par- 


tially cystic, and contained small pieces of bone. 
There was no gross involvement of veins, regional 
lymph nodes or acetabulum. The surrounding 
muscles showed partial replacement. 

Microscopic examination showed no evidence of 
vein invasion or lymph node metastases. The tumor 
was cartilaginous, the individual cartilage cells often 
having plump nuclei, multiple nuclei, and mitotic 
figures (Fig. 27b). The stroma surrounding the 
tumor consisted of fairly adult connective tissue 
showing no evidence of sarcomatous change. A few 
spicules of bone were present. 


This tumor grew slowly for at least 1 year 
and examination showed apparent complete 
removal. Because it was a chondrosarcoma, 
probably arising centrally, there should be a 
good prognosis, although the possibility of 
vein invasion (although not found histologi- 
cally) is always possible. This again shows 
the importance of the pathological pattern in 
determining the ultimate prognosis. 
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RECAPITULATION 

As a life-saving measure, transection 
through or above the innominate bone appears 
to be a very effective procedure in handling 
sarcomas of the pelvic parietes and upper 
thigh. The mortality rate of 14 per cent for 
the past 10 years as compared with 56 per 
cent for the preceding 40 years is very en- 
couraging. That only 99 operations of this 
sort have been reported during a 50 year 
period is clear indication, however, that only 
a very few of these cases are being given the 
benefit of radical surgical removal. A glance 
at the tables in the book by Geschickter and 
Copeland confirms this, since none of their 
patients was treated in this manner. 

A comparison of our own experience with 
that of others would indicate that a dispro- 
portionately large number of younger patients 
have been selected for operation. Of the 93 
cases reported, exclusive of our own, only 11 
were over the age of 50 and only 2 were over 
60. Since Fitzwilliams’ case represents the 
only one (besides the authors’) over 60 years 
surviving operation, there might have been 
some justification for such selection in the 
past. It should be recalled, however, that a 
high percentage of osteolytic sarcomas of 
bone, in which the prognosis is extremely 
poor, will be found among the younger group. 
With the decrease in operative mortality it 
would seem reasonable to select patients in 
the future less on the basis of age and more 
on the basis of the pathology of the tumor. 

It is apparent that the benign tumors such 
as the neurofibromas, benign giant cell tu- 
mors, giant osteochondromas, and chondro- 
mas may be expected to present the best 
prognosis. The next most favorable group 
will be the chondrosarcomas arising either 
peripherally or centrally. The peripheral 
group arising usually from cartilaginous exos- 
toses will offer the better outlook. Well dif- 
ferentiated soft tissue sarcomas of long dura- 
tion should be operated upon, although the 
prognosis will be less favorable. Osteogenic 
sarcomas forming large amounts of adult car- 
tilage (Case 1) should certainly have the bene- 
fit of operation. This is also true of osteolytic 
osteogenic sarcomas and very undifferentiated 
soft tissue sarcomas, although among these 


the salvage will be very low. Ewing’s sar- 
comas, plasma cell myelomas, and metastatic 
tumors, if recognized as such, should probably 
not be subjected to such an operation except 
under unusual circumstances. 

Examination of the surviving patients re- 
veals that in certain instances even more 
radical treatment is necessary if the results 
are to be improved. There is no known sur- 
gical means of coping with subclinical metas- 
tases, and many patients presenting these 
tumors will undoubtedly die of distant spread 
subsequent to resection, as is already known 
to be true of histologically similar tumors 
situated peripherally in sites amenable to the 
commoner types of amputation. On the other 
hand, it is frequently within the surgeon’s 
means to prevent local recurrence as it is a 
well known tendency for many of these sar- 
comas, unless widely removed, to recur stub- 
bornly. Obviously one of the distinct advan- 
tages of operations of this sort for tumors in 
the upper thigh and lower pelvis is the wide 
removal permitted. Yet of 45 patients fol- 
lowed, 8 developed stump recurrences: The 
first case, a chondrosarcoma of the lower in- 
nominate bone, with incomplete section above, 
had a recurrence 17 months after operation. 
The second case had a chondrosarcoma of the 
ileum, with section through the notch, and 
there was a recurrence in 514 years. In the 
third case, a chondrosarcoma of the ileum, the 
gluteus maximus was preserved; recurrence 
1 month later. In the fourth case a chondro- 
sarcoma of the ileum, there was a recurrence 
in 2% years. In the fifth case, an osteochon- 
drosarcoma of the acetabular region, section 
was through the notch; recurrence 12 months 
later. In the sixth case, a myxochondrosar- 
coma of the upper femur, an effort was made 
to save the adductor muscles; recurrence 6 
months later. In the seventh case, a benign 
recurrent chondroma of the ileum, there was 
recurrence 4 years after operation. In the 
eighth case, a spindle cell sarcoma of the upper 
thigh, section was through the sciatic notch; 
recurrence 5 months later. Probably not all of 
these were avoidable, but it is significant that 
in 4 of these the innominate bone was incom- 
pletely removed although it represented the 
site of involvement in 3. In 1 instance the 
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gluteus maximus muscle was preserved when 
the tumor was situated in the adjacent and at- 
tached ilium. In still another case with tumor 
in the upper femur, attention was focused on 
the preservation of a long medial skin flap with 
the underlying adductor thigh muscles and 
the obturator artery. Six of these 8 recurring 
cases were chondromatous tumors of bone and 
2 were soft part spindle cell tumors. In our 
first case, in recognition of the tendency which 
bone sarcomas have for crossing joints, the 
entire innominate bone was removed together 
with a generous segment of the opposite pubis 
as well as the ala of the sacrum. !n Case 4 the 
gluteus maximus muscle was removed in order 
to maintain an additional zone of safety be- 
tween the disease and the line of section. Both 
of these patients remain well. Experience to 
date, therefore, indicates that fuller advantage 
of the procedure should be taken in making it 
as radical as the tumor demands and the 
anatomy permits. It is firmly believed that 
when this is done the end-results will be con- 
siderably improved. 
SUMMARY 

1. Fifty years have elapsed since Girard 
first successfully resected a portion of the 
pelvis along with the lower extremity for a 
sarcoma of the upper femur which would not 
lend itself to disarticulation at the hip joint. 

2. Similar procedures have now been re- 
ported for malignant tumors of the upper 
femur, innominate bone, and adjacent soft 
parts in 99 patients. 

3. Although an overall mortality of 28 per 
cent exists, that of the first 40 year period was 
56 per cent but during the past 10 years it has 
dropped to 14 per cent. This drop has been 
largely due to development in the treatment 
of shock, which has been the primary com- 
plication of this operation. 

4. Follow-up data, although woefully in- 
adequate, indicates that of 45 patients surviv- 
ing operation and followed for from 1 to 5 or 
more years, 21 remained clinically well and 24 
died of their disease. 

5. The deformity, although considerable, 
is borne gratefully by these patients who have 
usually become convinced that there remains 
no hope of cure. 


6. The anatomy, operative procedure, and 
variations in technique are discussed. 

7. Six unselected cases are given, all with 
at least a removal of entire innominate bone. 

8. In criticism of the past treatment it may 
be said: that far too few patients have re- 
ceived the benefit of radical operation; that the 
advantages of wide resection have not been 
sufficiently exploited, particularly as regards 
partial or incomplete removal of the innom- 
inate bone when that bone itself represents 
the site of the tumor; that with more adequate 
control of the mortality, patients be selected 
less on the basis of age and more on the basis 
of the pathology of the tumor. It is believed 


that consideration of these factors in the 
future will favorably influence the prognosis 
in sarcomas of the upper thigh and pelvic 
parietes. 
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PARACHUTE FRACTURES 


PAUL A. KNEPPER, F.A.C.S., Major, M.C., St. Joseph, Missouri 


SURVEY of fractures which occurred 
in a regiment of paratroop infantry 
during a 6 month period of intensive 
training is presented. The injuries 

sustained in jump training at Fort Benning 
have been covered by Tobin (2), Lord (1), 
and Tobin (3). The altitude of the area over 
which jumps reported in the present study 
were made is approximately 4,000 feet, in 
marked contrast to the training area at Fort 
Benning, Georgia, 300 feet above sea level. 

The over-all incidence of casualties was as 
high as ro per cent in some of the jumps at the 
beginning of training. A casualty was defined 
as absence of soldier from duty for 24 hours or 
longer. The number of accidents was rapidly 
reduced until at the end of the period of train- 
ing, the casualty rate was less than 1 per cent. 

The optimum speed of the airplane during 
release of parachutists is about 100 miles per 
hour for a static line jump. The pilots had 
difficulty slowing to that speed in the C-47 
Transport at the beginning of training, owing 
to the relatively low density of the atmosphere 
over the training area. (Mean barometric 
pressure about 650 millimeters of mercury 
against 760 millimeters at sea level). The 
jumps were made at 800 feet above ground 
level in the beginning of training, gradually 
dropping to 600 feet as the program went on. 

The impact at which the parachutist hits 
the ground is equal to that of a fall from a 
height of 10 to 15 feet. If the ground is at an 
altitude of 4,000 feet, the impact is equal to 
that of a fall from 15 to 20 feet. 

A wind of over 12 to 15 miles per hour 
greatly increases the number of casualties. In 
the area where these jumps are made, the 
standard saying is “If you do not like the 
wind or weather, wait 30 minutes and it will 
change.”’ Consequently, jumps were occasion- 
ally made in wind velocities as high as 35 to 
40 miles per hour. In practice maneuvers with 
other airborne troops, the jumps had to be 
made as scheduled, thus causing some jumps 
to be made during inclement weather. 
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Psychoneuroses, including hysterical states 
and malingering, were very uncommon in 
paratroopers. Practically no cases were seen 
in officers. A few occurred in enlisted men 
toward the end of training when the outfit 
was very “hot.” Most of these were trau- 
matic neuroses involving back pain following 
a jump and were completely refractory to 
treatment of any kind, physical or psychiatric. 

Back injuries were not common. There 
were 7 cases of compression fractures of the 
vertebrae. None was complicated by paral- 
ysis. There was not a single case of protruded 
intervertebral disc found during this period 
of training. Back sprains of any severity were 
uncommon as the men were taught to land on 
their feet and roll forward. The 7 cases of 
compression fracture were all associated with 
one of two complications; the primary ‘“‘chute”’ 
did not open and the secondary ‘‘chute’”’ was 
used, or another parachutist accidently emp- 
tied part of the air from the “chute”? which 
carried the man who was injured. There were 
no compound fractures and no fatal accidents. 

The head injuries included two (2) linear 
fractures and four (4) of the basilar type. 
These injuries all happened in a high wind 
which caused the parachutist to land side- 
ways, striking the head in some manner. All 
recovered, but 2 of them were permanently 
removed from “‘jump status” because of post- 
traumatic symptoms. Encephalograms re- 
vealed no evidence of gross damage to the 
brain. I am unable to state if they were in- 
stances of traumatic neurosis or permanent 
cerebral damage. None of the patients was 
subjected to surgery. 

Acromioclavicular separations were not 
common. Injuries to the acromioclavicular 
joint were treated by depression of the clavicle 
and immobilization. Separation of the conoid 
and trapezoid ligaments was repaired by open 
operation. The technique of Bunnell, using 
fascia lata, was employed. There were 4 of 
these cases. Satisfactory result was obtained 
and all returned to jumping after 4 months. 
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Fig. 1, left. Fracture of the posterior lip of the right tibia, 
Fig. 2. Same fracture as in Figure 1, but 30 days later, 
showing healing of posterior lip fracture. 


Following is a list of the types and numbers 
of fractures: skull, 6; nose, 4; maxilla, 2; 
humerus, 5; radius, 4; navicular (carpal), 3; 
metacarpals, 6; phalanx, 7; rib, 4; compres- 
sion of vertebrae, 7; sacrum, 1; coccyx, 1; 
femur, 1; patella, 2; tibia, 22; trimalleolar, 6; 
fibula, distal portion, 29; astragalus, 1; os 
calcis, 3; cuboid, 2; tarsal, 2; metatarsal, 7; 
toes, 4; a total of lower extremities of 79 and 
a grand total of 129. 

Fracture of the posterior lip of the tibia is 
so typical a parachute injury that it has been 
named “paratrooper fracture” by Tobin (3). 
This fracture is uncommon other than in para- 
chute injuries and for that reason has received 
a small amount of attention in the literature 
of traumatic surgery. 

Parachutists are taught to land on the ball 
of the foot. This is possible if there is no wind 





lig. 5. Excess callus in case of patient treated elsewhere 
and not immobilized. Patient had painful, swollen ankle 


joint, 


Fig. 3, left. Fracture of posterior lip of tibia without 
displacement. 
lig. 4. Incomplete healing, 35 days later. 


and the terrain is even, but too often this is 
not the situation. These fractures occur when 
the weight of the body is transmitted through 
one foot instead of being divided. The excel- 
lent type of boot worn by the parachutist 
prevents the fracture from being more fre- 
quent, because it distributes the transmitted 
force through the lower leg. 

The anatomy of the ankle joint further ex- 
plains the fracture. The posterior lip of the 
tibia is lower than the anterior so that the 
joint mortise is wider anteriorly than pos- 
teriorly. The external and internal malleoli 
keep the astragalus in line and a transmitted 
force must shear off the posterior lip preferen- 
tially. The posterior one-fourth of the joint 





Fig. 6, left. Severe trimalleolar fracture of ankle with 
tearing of tibiofibular ligament, 

Fig. 7. Anteroposterior view showing internal malleolus 
fixed with screw and fibula fixed with tibia with screw 
Joint space normal. 
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KNEPPER: PARACHUTE FRACTURES 


surface is most commonly involved. Separa- 
tion of fragments is rare. Open operation has 
never been necessary in my experience in 
fracture of posterior lip from parachute injury. 

This history is typical: the parachutist 
lands on one foot in uneven terrain or due to 
oscillations from a high wind, with immediate 
pain in the ankle joint and great difficulty in 
walking. In all such fractures which occurred 
at this Station, not one was missed in the 
field. By this, I mean they were sent into 
the hospital immediately and demonstrated by 
lateral x-ray films. This justifies the term 
“paratrooper fracture” because it is so often 
diagnosed accurately by field medical units. 

A method of treatment was established 
which I would like to describe in detail: 
(1) A padded plaster cast is applied from the 
base of the toes to the tibial tuberosity. (2) The 
foot is placed in the neutral position. (No 
inversion or eversion, i.e., a line through 
patella would go between great toe and second 
toe). (3) The ankle is placed in exactly go 
degrees dorsiflexion. (4) An anesthetic may 
be necessary to get the ankle in proper posi- 
tion. (5) The patient is kept on absolute bed 
rest for 1 week, with elevation of the extrem- 
ity on two pillows. (6) After 1 week, the cast 
is removed and replaced by another cast with 
a very small amount of padding. A section 
of wool felt 2 by 2 inches is placed dorsally 
over the tarsal bones. (7) After 48 hours, the 
patient is allowed to walk on the leg. No 
crutches or walking calipers are employed. 
The cast will frequently break on the bottom, 
but good support is given to the ankle never- 
theless. (8) The cast is removed after 2 weeks 
and daily whirlpool baths of 30 minutes in the 
morning and infra-red treatment for 1 hour 
in the afternoon are given. One week of this 
treatment will suffice ordinarily and the para- 
chutist is ready for full duty, including 
marches. There will be no circulatory changes 
in soft tissue or bone, no swelling of the ankle 
at night and no restriction of motion. 


CasE 1. Patient was injured in a parachute jump 
when he landed with his entire weight on his right 
foot. There was immediate pain, swelling, and dis- 
ability of the right ankle. Physical examination 
showed a marked swelling of the ankle (Figs. 1, 2). 
A circular plaster cast was applied with foot in 


sn 
uw 


neutral position and ankle at 90°. The foot was kept 
30 days in cast; and patient was 37 days in hospital. 

CAsE 2. Patient was injured in a parachute jump 
when his right ankle got caught in the suspension 
lines in landing so that his body was twisted with his 
ankle remaining stationary. There was immediate 
pain, swelling, and inability to walk on the right 
foot. Physical examination showed severe swelling 
of the right ankle. Circular plaster cast was applied 
with a walking iron. (Figs. 3, 4). Leg in cast 32 
days; patient in hospital 49 days. 

CAsE 3. Patient was injured 2 months before ad- 
mission ‘‘elsewhere’? when he became entangled 
with another “chute” in landing and injured his left 
ankle. He was treated as an out patient, but his 
ankle remained swollen and painful (Fig. 5). A 
plaster cast was applied for 30 days. Total time in 
the hospital was 40 days; poor result. 

CASE 4. Patient was injured in a parachute jump 
in a high wind when he landed entirely on his left 
foot and twisted in falling. There was immediate 
pain, swelling, and inability to walk on the left ankle. 
Physical examination showed marked swelling of the 
left ankle (Figs. 6, 7). Open operation with a screw 
in internal malleolus; one through fibula into tibia to 
allow tibiofibular ligament to unite. Leg in cast 40 
days; patient in hospital 51 days, on convalescent 
furlough 21 days, a total of 72 days away from duty. 


Case 1 shows the ideal result when the 
aforementioned routine is carried out. 

Case 2 demonstrates an increased length of 
time when the ankle is not immobilized at 
exactly go degrees. 

Case 3 shows the permanent disability that 
may occur in an ankle if the fracture is not 
recognized primarily and properly treated. 

Case 4 shows a severe type of fracture and 
the good result obtained from open operation. 

CONCLUSION 

1. A review of the number and type of 
fractures encountered in parachute training 
of a regiment at a relatively high altitude is 
presented with a brief discussion of the 
causes of such injuries. 

2. Typical case histories of “‘paratrooper 
fracture” are outlined. 

3. A detailed method of treatment of 
“paratrooper fracture” is given. 
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WOUNDS OF THE RECTUM 


C. NAUNTON MORGAN, M.B., B.S. (Lond.), F.R.C.S. (Eng.), Brigadier, R.A.M.C., London, England 


OUNDS of the rectum are serious 

because of their inaccessibility, 

the risk of spread of infection in 

the buttocks and connective tis- 
sue planes, and often the difficulty of diagno- 
sis. The frequent association of injury to 
other structures, especially the bladder and 
large blood vessels, or extensive comminution 
of the sacrum, ischium, or pubis, with subse- 
quent osteomyelitis, adds greatly to the grav- 
ity of wounds in this region. The immediate 
mortality is high, and, since many of these 
wounds are quickly fatal, comparatively few, 
compared with wounds of the small or large 
intestine, are seen at the base. 

Wounds of the rectum may be extraperi- 
toneal, intraperitoneal, or combined. Com- 
bined wounds are those in which the intra- 
peritoneal portion of the rectum isinjured from 
below or the side, thus involving the extra- 
peritoneal tissues, and, in addition, those ex- 
traperitoneal wounds of the rectum associated 
with penetration of the pelvic cavity. Intra- 
peritoneal and combined wounds were not 
seen so frequently in the survivors arriving at 
the Base, so it is likely that they are more 
fatal than extraperitoneal wounds. The in- 
creased hazard of peritonitis, the difficulty of 
approach to a tear low in the depth of the 
pelvis, and associated abdominal injuries in 
the rectovesical pouch, are among the ex- 
planations. 

The diagnosis of a wound of the extraperi- 
toneal portion of the rectum may easily be 
missed, especially when there is an apparently 
trivial wound of entry in the thigh. Though, 
in the series of wounds analyzed, there are 
several extraperitoneal injuries which were 
not treated by colostomy for several days and 
yet patients survived, in general the spread of 
infection in the extensive deeply-seated tissue 
planes is a serious matter. Damage to the 
thick, coarse muscle of the gluteal regions also 

Consultant Surgeon, Persia/Iraq Force. Assistant Director, 
Surgical Unit, and Assistant Surgeon, St. Bartholomew’s Hospital, 


London, Senior Assistant Surgeon, St. Mark’s Hospital, London. 
Submitted for publication in June, 1944. 


favors the development of gas gangrene. Al- 
though no complete figures of its frequency 
are yet available, ‘‘colon septicemia” (acute 
fulminating infection), described by Sir John 
Fraser in the 1914~—1918 war, still takes its toll. 
At least 3 of the deaths in this series appear to 
have been due to a fulminating bloodstream 
infection. 

The wound of entry is usually in the but- 
tocks, sacral region, perineum, or hips. Mis- 
siles traversing the pelvic girdle from the side 
usually produce widespread damage to bone, 
bladder, and urethra. Occasionally, a missile 
entering the abdomen from the front and 
above will injure the rectum. 

Several instances of the bursting type of 
injury of the perineum with retraction up- 
ward of the anorectal region and isolation of 
the anus from the perianal skin have been 
seen. The explanation suggested by Sir Charles 
Gordon-Watson that this type of injury occurs 
as the result of the disrupting effect of the 
missile in the loose connective tissue while the 
pelvic musculature and sphincters are tightly 
contracted, like the ‘“‘bursting of a paper bag,” 
is probably correct. 

Extensive perirectal trauma without pene- 
tration of the bowel must be treated promptly 
on the same lines as is penetration owing to 
the diffuse extravasation of blood with spread 
of infection in the loose connective tissue of 
the pelvis with secondary involvement of the 
rectal wall. Infection from wounds of the but- 
tocks, with or without fracture of the sacrum, 
may extend through the fascia propria and 
spread upward in the extraperitoneal plane. 
Occasionally a missile may lie between the 
rectum and sacrum. 

The following case illustrates the danger of 
pelvic cellulitis following a severe buttock 
wound without penetration of the rectum. 

An Italian P.O.W., wounded 6 days previously, 
arrived at the Base in a very poor condition; there 
was an extensive and heavily infected gaping wound 
of both buttocks with a large shell fragment lying in 
the subcutaneous tissues. He complained of lower 
abdominal pain and the abdomen was found to be 
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rigid and tender in its lower half. On examination 
of the rectum, its wall was very edematous and thick- 
ened, but there was no evidence of any breach of its 
surface. Exploratory laparotomy revealed pelvic 
peritonitis with an enormously swollen, turgid, and 
inflamed rectum and sigmoid colon standing rigidly 
upright and filling the pelvis. The retroperitoneal 
tissues, mesorectum, and colon were blood stained, 
very edematous, and inflamed with a gangrenous 
area in the mesorectum, to which a coil of small in- 
testine was adherent. Sulfathiazole powder was 
sprinkled into the pelvis and a left inguinal colos- 
tomy was performed. The coccyx was then re- 
moved, and, by division of the fascia propria, the 
perirectal tissues were drained. There was no de- 
monstrable continuity between the buttock wounds 
and the pelvis, and no fracture of the sacrum had 
occurred. Intravenous sulfapyridine and sulfona- 
mide by mouth were given and recovery followed a 
stormy convalescence. 


DIAGNOSIS 


Injury to the rectum may easily be over- 
looked because the evidence of its involve- 
ment may at first be very slight. In 21 extra- 
peritoneal penetrating wounds in this series, 
7 were not diagnosed until feces and flatus 
were passed through the wound of entry. 

Wounds of the buttock involving the ano- 
rectal region are usually obvious, though the 
exact state of affairs cannot be assessed until 
the patient is examined under an anesthetic. 
Damage to the urethra may complicate 
wounds of this portion of the rectum. 

Extensive comminution of the sacrum 
strongly suggests the possibility of rectal 
damage, while passage of blood per rectum, 
palpation of a tear, presence of blood on the 
examining finger or of feces in the wound will 
establish the diagnosis. A steady stream of 
blood from the entry or exit wound usually 
indicates serious injury. 

In extraperitoneal lesions of the rectum, 
extravasation of blood and inflammatory prod- 
ucts into the extraperitoneal planes of the 
abdominal wall may produce, after some hours 
abdominal tenderness and rigidity suggesting 
an intraperitoneal complication. 

Intraperitoneal damage to the rectum is 
most commonly diagnosed as the result of 
signs of peritoneal involvement—suprapubic 
tenderness and rigidity. The frequency of 
intra-abdominal injury with small penetrating 
wounds of the buttocks is common knowledge; 
careful observation and examination of the 


abdomen in such cases are essential. Recon- 
struction of the event, the position of the 
soldier when wounded, the type and trajec- 
tory of the missile, will help the surgeon in his 
decision. With a penetrating wound, an x-ray 
examination is of great importance and should 
be carried out when possible. 

A catheter must be passed in all cases with 
wounds of the pelvis and perineum to exclude 
damage to the bladder or urethra. The possi- 
bility of injury to the sciatic nerve or cauda 
equina should also be remembered. 


TREATMENT 


Chemotherapy, both local and general, dur- 
ing and after operation, is of great value in 
wounds within the pelvis. With extensive 
damage and soiling, it is wise to administer 
intravenous sulfa drugs, especially sulfadia- 
zine. 

A colostomy should always be established 
in all cases of penetration of the rectum, when 
rectal injury is suspected, or there is extensive 
extravasation in the pelvic connective tissue 
planes. A temporary colostomy often makes 
the nursing and control of infection of a large 
buttock wound, especially when adjacent to 
the anus, much easier. 

Extraperitoneal wounds. The entrance and 
exit wounds are first trimmed, then explored 
and enlarged for drainage. The extent and 
position of the rectal tear may be judged and 
the likelihood of intraperitoneal damage con- 
sidered. A wound of the extraperitoneal por- 
tion of the rectum should not be sutured. 

If the lesion in the rectum is high near the 
peritoneal flexion, the pelvis must be inspected 
through a midline abdominal incision, but if 
intraperitoneal damage is unlikely, a “blind”’ 
left iliac colostomy may be performed and a 
swab on a holder inserted through the colos- 
tomy incision into the pelvis to exclude the 
presence of blood, etc. 

Drainage of the extrarectal tissues should 
be established under the following conditions: 
extensive laceration of the rectum, widespread 
extraperitoneal hematoma, excessive bleeding 
from the subperitoneal pelvis, and established 
retroperitoneal infection. The pelvic cellular ‘ 
tissue is difficult to drain, but, by excision of 
the coccyx, division of the fascia propria, and 
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opening up of the perirectal space by finger 
dissection, the best possible drainage is ac- 
quired. To avoid turning the patient, the 
lithotomy position with a sandbag under the 
sacrum should be used for excision of the 
coccyx. A wound near the lateral border of 
the sacrum may be extended vertically along 
the side of the coccyx and sacrum; good access 
to the perirectal connective tissue plane is 
thus obtained. 

There is never need to destroy the sphincter 
mechanism by division of the anorectal mus- 
culature, but dilatation of the anus and the 
insertion of a large tube at the end of the oper- 
ation will aid drainage. 

During convalescence, if the perirectal space 
has not been drained and there are signs of 
spread of infection, no time should be lost in 
opening up this area. 

With bursting or explosive injuries, be- 
cause of the time lag, extensive soiling, etc., it 
is usually unwise to attempt reposition of the 
retracted bowel. When this has been done, 
sutures have usually cut out, and, what is 
more serious, drainage has been inadequate; 
sepsis is kept up by pocketing under skin flaps, 
etc. In one such case, the patient improved 
only after pocketing under bridges of skin and 
extension of sepsis into the buttocks were 
treated by laying open widely the whole area. 
The speed with which the perianal wound 
healed and the patient improved was astonish- 
ing. The anal canal will function normally 
whatever its position if its nerve and muscle 
control has been preserved. Wide excision of 
the perianal musculature is usually unneces- 
sary and should be avoided. 

Foreign bodies encroaching on the sacral 
canal should be treated with conservatism and 
caution, since there is a definite risk of men- 
ingitis. One such patient arrived at the Base 
with established meningitis which responded 
to sulfapyridine; the metallic foreign body 
was removed 4 weeks later, the patient having 
sulfapyridine before and after operation. In 
this series, removal of a foreign body on the 
8th day was followed, 10 days later, by death 
from meningitis. 

Intraperitoneal wounds. When an abdom- 
inal lesion has been diagnosed, exploration of 
the entry or exit wound should be deferred 








until the abdomen has been opened and the 
pelvis examined. It may be possible to suture 
an intraperitoneal tear, or, if this cannot be 
done, the damaged area may be shut off from 
the general peritoneal cavity by means of the 
omentum or a Coffey drain. A catheter is 
placed down to the site of injury, a colostomy 
established, and the abdomen closed. A sus- 
pension of 10 grams of sulfadiazine in 50 
cubic centimeters of a solution of gelatine and 
saline (3% gelatine in normal saline) is in- 
jected down the catheter. The wounds of 
entry, exit or both are then trimmed and en- 
larged for drainage ; turning the patient should 
be avoided if possible. The wicks of the Coffey 
drain are removed piecemeal after the 3d day. 

Colostomy. The most desirable site for a 
colostomy is as near the rectal lesion as possi- 
ble, i.e. a sigmoid colostomy with a good spur. 
If a plastic repair operation is considered 
likely in the future, it is best to leave a good 
loop of colon below the temporary colostomy. 
In cases of urgency, the colostomy may be 
performed through the exploratory incision. 
For an extensive wound of the pelvirectal 
region with a short sigmoid loop, a transverse 
colostomy will make future operation on this 
portion of the gut easier. It must always be 
remembered, however, that the prime object 
of the operation is to save life. 

Repair of rectal perforations. This problem 
will not be faced, as a rule, for several months 
after wounding. Continued infection, espe- 
cially from osteomyelitis, will prevent plastic 
operation, but it is important during this 
waiting period always to assure free drainage 
and complete exclusion of the rectum by 
means of a satisfactory colostomy. 

Unless there has been extensive tearing of 
the gut, intraperitoneal wounds will probably 
finally close themselves; the difficult cases are 
those éxtraperitoneal wounds high in the rec- 
tum under cover of the sacrum, especially 
with a fistula passing through the bone. The 
internal opening of these fistulas is usually 
obscured by a shelf of mucosa, and the rectal 
wall is firmly adherent to the sacrum. 

Daily injection into the distal loop of the 
colostomy of a freshly made 20 per cent sus- 
pension of sulfasuxidine in water (pH 7) is use- 
ful in controlling infection. 
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Penicillin will undoubtedly help in the clo- 
sure of these fistulas. In the case of one pa- 
tient with a large tear in the posterior wall of 
the lower third of the rectum, early repair was 
attempted, followed by the use of penicillin 
locally. 


6404302 Cpl. B.R. had a perforating mortar 
wound of the back and buttock. Operation was done 
14 hours after wounding—entry wound just to left 
of third lumbar vertebra, exit wound left buttock. 
A large rectal tear was palpable on digital examina- 
tion of the rectum. Toilet of wounds—left inguinal 
colostomy —no intra-abdominal contamination. Post- 
operative treatment consisted of administration of 
antigas gangrene serum and a full course of sulfona- 
mide. Continuous intravenous glucose saline was also 
administered. 

He arrived at the Base 3 weeks later in good con- 
dition. There was a small healing entry wound in 
the left lumbar region and some fullness of the left 
buttock with an exit wound discharging thin pus. 
Crepitation could be felt under the skin. There was 
diminished sensation in the sole of the left foot with 
diminution of the ankle jerk, and x-ray examination 
showed comminution of the left side of the 2d, 3d, 
and 4th pieces of the sacrum, involving the foramina. 
The lower colostomy loop was washed through daily 
with 1:1000 flavine, but operation was necessary for 
treatment of the sacral osteomyelitis. 

Operation was done 26 days after wounding. The 
buttock wound, which led to bare bone, was con- 
siderably enlarged, and the track of the missile was 
laid open by dividing the attachment of the gluteus 
maximus from the coccyx and last two pieces of the 
sacrum; the coccyx was excised. There was a hole 
over 1% inches long and about 34 inch wide in the 
left side of the posterior rectal wall. The rectum 
together with its fascia propria was mobilized suf- 
ficiently, and, after the edges of the rectal defect 
were freshened, this was closed by an inverting.su- 
ture reinforced by Lembert sutures in the fascia. A 
catheter was placed in front of the sacrum up to the 
sacral fracture site and the skin was completely 
sutured apart from an exit for the catheter in the 
lower part of the buttock. The wound was irrigated 
three times daily with 500 units of Florey’s peni- 
cillin through the catheter. 

The suture line in the rectum broke down par- 
tially, and pus discharged from the rectum and 
colostomy; the patient’s general condition was ex- 
cellent, and the skin healed soundly—he now had a 
“blind” internal fistula. Two months after operation, 
drainage for osteomyelitis of the sacrum and seque- 
strectomy were necessary. Fifteen days later there 
was a tiny superficial wound over the sacrum which 
was healing rapidly. 

Penicillin had made possible, even in the presence 
of osteomyelitis of the sacrum, the conversion of a 
large, external rectal fistula into a small one of the 
“blind” internal type. 


ANALYSIS OF CASES 


In a series of 32 penetrating wounds of the 
rectum, there were 26 extraperitoneal lesions 
and 6 intraperitoneal or combined. Since 
most of these patients were seen at the Base, 
it seems that either intraperitoneal injury is 
less common, or, more likely, extraperitoneal 
damage to the rectum is less dangerous. Rap- 
idly fatal acute infection occurred in both 
types of wound. 


Extraperitoneal Wounds 


Of the group of 26 extraperitoneal wounds, 
there were 5 of the anorectal region complicat- 
ing wounds of the buttock or perineum. In 3 
the anorectal area was torn, while in 2 the 
injury was mainly of the bursting type of in- 
jury of the perineum with retraction of the 
anal canal. The 3 patients with avulsion of 
the anorectal region were treated by colos- 
tomy and drainage. In 2 the colostomy had 
been postponed for 3 days; 1 of these died of 
gross infection of the wound. The 2 bursting 
injuries were also treated by colostomy and by 
reposition and suture of the retracted anus. 
In both cases the sutures gave way, though in 
1 case the right side of the anus remained in 
position. During convalescence, the provision 
of free drainage necessitated wide division of 
the skin and the laying open of all subsidiary 
pockets in 1 case. In 3 of the 5 cases, fracture of 
the bony pelvis (ischium, pubis, and coccyx) 
complicated the anorectal wounds and in 1 
case the extrapelvic urethra was injured. 

There were 21 wounds of the rectum and the 
site of entry was as follows: buttock, 11; 
sacrum, 7; groin, 1; hips, 1: buttock and groin, 
1. The diagnosis of injury of the rectum was 
not made in 7 cases (one-third) until feces or 
flatus were passed through the entry wound 
4 to 6 days after the wounds were received. 
In 1 case with associated bladder injury, the 
poor condition of the patient suggested injury 
to the rectum on the second day. Five of the 
7 undiagnosed cases were treated by late 
colostomy. Two died, 1 with associated 
bladder injury, the other from meningitis fol- 
lowing removal of a foreign body from the 
sacral canal, on the 8th day. 

Injury to the rectum was diagnosed in the 
remaining 14 cases (two-thirds) as follows: 
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blood per rectum on examining finger, 2: ex- 
tensive sacral wounds with fracture, 2: feces 
in the entry wound, 2: tear palpable, 2; blood 
per rectum and palpable tear, 1; tear visible, 
1; exploratory laparotomy—marked extra- 
peritoneal hemorrhage spreading into meso- 
sigmoid, 1; no record, 3. 

The time lag in the cases of wounds of the 
rectum was recorded in only 11 of the diag- 
nosed cases: within 12 hours, there were 5 
cases and of these 1 died of hemorrhage and 
shock and 3 of fulminating infection; within 
12 to 24 hours, there were 5 cases and all re- 
covered but 1 was traced for only 7 days and 
‘1 other died from infection 7 weeks later; 
within 29 hours, there was 1 case and he re- 
covered. Two of the 5 cases in which opera- 
tion was done within 12 hours had severe in- 
juries and were not expected to recover. The 
number of cases (including the undiagnosed) 
that recovered in spite of a long time lag is 
surprising. Even though these injuries may 
kill quickly from fulminating infection, a num- 
ber of patients recovered even without early 
colostomy. 

Of these 21 cases with wounds of the rectum, 
14 were associated with fractures (two-thirds) 
as follows: fracture of the sacrum, 6; fracture 
of the ischium, 4; fracture of the pubis, 2; 
fracture of the coccyx, 1; fracture of theilium, 1. 
In 2 of these cases the femur was fractured in 
addition and in 1 the fracture extended into 
the hip joint. 

Other organs were affected as follows: 
bladder, 2, of which 1 died; urethra, 1 who 
died; cauda equina, 1 who recovered. 

In the cases which were diagnosed, treat- 
ment consisted of colostomy with or without 
abdominal exploration; the wounds were 
trimmed and enlarged for drainage. Though 
in these cases there is no definite information 
available of the use of local or general chemo- 
therapy, its use was routine. Antigas gan- 
grene serum was also used in a few cases. 


Intraperitoneal and Combined Wounds 


There were 6 cases in this group. The site 
of entry wounds was as follows: buttock, 3; 
sacrum, 2; perineum, 1. As to diagnosis, all 
had signs of intra-abdominal injury, but in 
2 cases only was there any indication of a 


rectal lesion before laparotomy—1r with blood 
on the examining finger and the other had a 
large sacral wound. 

The time lag was 8 to 16 hours except in 1 
case in which the lag was 24 hours and in an- 
other 36 hours. One patient with a time lag 
of 8 hours and another of 36 hours died of 
acute infection. The 16 hour case in which 
patient recovered, passed a large Ascaris 
lumbricoides on the 16th day! In the 24 hour 
case, patient had an extraperitoneal lesion of 
the rectum, and, though the rectovesical 
pouch was full of blood, no intraperitoneal 
lesion was found. This patient had several 
secondary hemorrhages from the wound, rec- 
tum, and colostomy, requiring ligature of the 
superior gluteal and finally the internal iliac 
artery. 

Other injuries found in this group were 
fracture of the sacrum in 2 cases and injury of 
the small gut in 4 cases. 

All patients in this group were treated by 
exploratory laparotomy, colostomy, and drain- 
age. In 3 cases the intraperitoneal rectal tear 
was sutured and all recovered; in 2 cases su- 
ture of the intraperitoneal tear was impossible 
and both died; in 1 case the rectal lesion was 
extraperitoneal and patient recovered. Local 
sulfa drugs were used except in the 36 hour 
case with general peritonitis and for the extra- 
peritoneal injury of the rectum. 


Nonpenetrating Wounds of the Rectum 


There were 6 cases in this group. In 3 cases 
abdominal tenderness and rigidity suggested 
intraperitoneal damage, and exploratory lapa- 
rotomy was performed. In all these cases 
there was extensive retroperitoneal hemor- 
rhage in the pelvis with peritonitis, though in 
2 there was no evidence of penetration of the 
peritoneal cavity; the small gut was injured in 
the third case. The time lag in the 2 cases ex- 
hibiting abdominal signs without penetration 
of the pelvic cavity was 1 and 6 days. Colos- 
tomy was established in all cases. In the 
fourth case exploratory laparotomy was per- 
formed because an extensive sacral fracture 
indicated an injury to the rectum; a colostomy 
was made as there was present a large retro- 
peritoneal hematoma. In the remaining 2 
cases colostomy was not performed. The 
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foreign body was removed from the pararectal 
tissues in 1; in the other a small foreign body 
could be felt through the rectal wall. This 
patient complained of pain in the perineum, 
especially on defecation; pressure on the for- 
eign body produced pain in the distribution 
of the 3d, 4th, and sth left sacral nerves. A 
small granulomatous nodule in the region of 
the foreign body was visible on sigmoidoscopy. 


Complications 


During convalescence, it is important to 
maintain adequate drainage constantly. Osteo- 
myelitis not infrequently follows injury to the 
bony pelvis, and pocketing and tracking of 
pus occur. Large wounds of the sacrum are 
difficult to nurse and are subject to prolonged 
infection with its concomitant risks. Men- 
ingitis following lodgement of foreign bodies 
in sacral canal has already been mentioned; 
after considerable time, preliminary sulfona- 
mide therapy and gentleness in removing such 
foreign bodies are essential. Only when a for- 
eign body here requires removal should it be 
operated upon. Diphtheritic infection of the 
sacral wound was seen in 1 case. Secondary 
hemorrhage complicated 3 cases—rather a 
higher incidence than with wounds of the 
extremities. 

Deaths 


In the extraperitoneal rectal wounds, there 
were 8 deaths. Two occurred within 24 hours, 
1 from a fulminating infection and 1 from 
hemorrhage and shock. The death from ful- 
minating infection (colon septicemia) occurred 
in a soldier who was operated upon 12 hours 
after wounding. His wounds were severe, in- 
cluding a fractured femur and a torn urethra 
and injury to the small gut in the rectovesical 
pouch. He died of profound toxemia with a 
terminal temperature of 108 degrees. One 
died within 48 hours from a fulminating in- 
fection (colon septicemia). He was operated 
upon 12 hours after wounding. The abdomen 
was distended but there was no peritonitis. 
One died within 5 days. Operation was per- 
formed 8 hours after wounding. There was 
extensive retroperitoneal bruising. He became 
jaundiced after blood transfusion but death 
was most likely due to severe infection. Two 
died within 14 to 21 days: 1 on the 16th day 


from gas infection of the abdominal wall and 
thighs and secondary hemorrhage; one on the 
18th day from meningitis following the re- 
moval of a foreign body (time lag 8 days). 
Two died after 1 month: in 1, death occurred 
in 48 days from infection following injury to 
both bladder and rectum with a rectovesical 
fistula. The rectal injury was not diagnosed 
and colostomy was performed late. In the 
other case, death occurred in 49 days from an 
anaerobic streptococcal infection associated 
with fracture of the sacrum and neck of the 
femur; chemotherapy and repeated blood 
transfusion were cf no avail. 

There was 1 death in the anorectal wound 
group. Death occurred in 10 days from ex- 
tensive infection of the perineum and buttocks 
together with bronchopneumonia. Colostomy 
had not been performed until the 3d day. 

There were 2 deaths among the intraperi- 
toneal wounds. Both occurred within 6 days: 
In 1 from an unsutured tear of the rectum 
treated after a 36 hour time lag by drainage 
and colostomy. Patient was jaundiced before 
death and had peritonitis and toxemia. In 
the other, from an unsutured tear of the rec- 
tum treated after an 8 hour time lag by drain- 
age and colostomy. Patient had acute tox- 
emia but no evidence of peritonitis. 

In the nonpenetrating wounds, 1 patient 
died from a wound which involved the thigh, 
and the pelvis was fractured; anaerobic 
streptococcal infection and osteomyelitis de- 
veloped and death followed in 214 months. 

In the last world war a small series of wounds 
of the rectum, complicated by wounds of the 
small intestine, showed a mortality rate of 100 
per cent, while in the Middle East in this war 
a small series of similar wounds showed a mor- 
tality of 71.4 per cent (Ogilvie). In this paper, 
since there is no information available of all 
the deaths from wounds of the rectum in the 
Forward Units, a mortality figure cannot be 
given. However, compared with the last war, 
the number of survivors suggests an improve- 
ment in results. 

SUMMARY 

1. The classification and diagnosis of wounds 
of the rectum are discussed. 

2. Operative treatment of extraperitoneal, 
intraperitoneal, and combined wounds is de- 
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scribed. The indications for drainage of the 
pelvic cellular tissues are given. 

3. The risk of spread of infection within the 
pelvis with nonpenetrating wounds is men- 
tioned. 

4. Thirty-two penetrating and 6 nonpene- 
trating wounds of the rectum are analyzed: 

a. Among the penetrating injuries there 
were 26 extraperitoneal and 6 intraperitoneal 
or combined wounds. 

b. Early diagnosis was made in only two- 
thirds of the extraperitoneal wounds; the 
methods of diagnosis are shown. Signs of 


intra-abdominal injury were present in all 
cases of intraperitoneal or combined wounds. 
c. The incidence of various sites of entry 
wounds, of fractures of the pelvis, and of other 
injuries is given. 
d. The time lag, complications and deaths 
are considered. 
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CONCUSSION OF THE SPINAL CORD 


An Experimental Study and a Critique of the Use of the Term 


R. A. GROAT, Ph.D., W. A. RAMBACH, Jr., B. S., and W. F. WINDLE, Ph. D., 
Chicago, Illinois 


HE meaning of the term, concussion of 

the spinal cord, is sufficiently vague to 

be a source of irritation to those who 

wish to use it. The present investiga- 
tion was undertaken because it was felt that ex- 
perimental clarification of functional and morpho- 
logical aspects of an uncomplicated injury to the 
spinal cord, the type which rightfully deserves to 
be called concussion, was needed to aid in restrict- 
ing the sphere of application of the term. Studies 
in brain concussion (13, 14, 42) provided a back- 
ground for the present experiments. 

As will be described in the present report, un- 
complicated concussion of the spinal cord in the 
cat is a complete functional block of the spinal 
cord at the level of application of an adequate 
force to the nervous parenchyma. Nerve cells, es- 
pecially of interneurons, and long ascending and 
descending fiber tracts are involved. The period 
of concussion is brief, passing into the period of 
postconcussion when the paralysis ceases. Subtle 
but histologically demonstrable cell alterations oc- 
cur in concussion, and frank chromatolysis is evi- 
dent in postconcussion as a direct result of the 
injury sustained. In any species, if some other 
morphological change is present, e.g., compression 
fracture, self-reducing fracture dislocation, severe 
epidural or subdural bleeding, contusion or lacera- 
tion of the spinal cord or spinal nerve roots or in- 
tramedullary hemorrhage, which superimposes 
functional alterations upon those of concussion, 
the injury is not concussion but concussion plus 
the complicating injury. 


MATERIAL AND METHODS 


Concussion was produced in cats by striking a 
single blow against the back of a freely suspended 
animal with a blunt wood instrument swung in a 
horizontal plane. Chalk applied to the instrument 
enabled accurate determination of the site of the 
blow. Most of the animals were lightly anesthe- 


From the Institute of Neurology, Northwestern University 
Medical School. 
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tized with chloralosane. Others were struck after 
the spinal cord had been transected at the mid- 
thoracic level under ether, and the region of the 
operation anesthetized with procaine. The blow 
was strong enough to produce a brief paraplegia 
when applied over the lumbar enlargement in in- 
tact, unanesthetized cats. 

In all animals the saphenous branch of the fem- 
oral nerve was exposed on the thigh and a uni- 
polar or a bipolar stimulating electrode was at- 
tached to it. In 3 cats a fine bipolar stimulating 
electrode was placed in one pyramidal tract in the 
pons with the Horsley-Clarke instrument. The 
stimulator! employed was one which gave a re- 
versed saw-tooth wave, and the voltage, fre- 
quency, and the falling phase of the stimulus were 
controlable. Output dials were calibrated to show 
peak voltage. 

The threshold voltages for elicitation of the ap- 
propriate responses were recorded over a 10-min- 
ute period immediately preceding a blow. Uncom- 
plicated concussion was deemed to have occurred 
when the threshold rose instantaneously following 
a blow and then returned uneventfully to the con- 
trol level. Blows were applied over various re- 
gions of the spinal cord. In two of the cats receiv- 
ing midthoracic blows, the vagus nerves were cut 
at the start of the experiment. Observations of 
functional alterations were made in 27 cats. Seven 
were allowed to live for 6 days, 3 for 14 days and 
1 indefinitely after the concussion; the rest were 
killed at the end of the threshold-testing period. 
All except the 14 day animals, which were used for 
Marchi degeneration studies, were perfused with 
10 per cent formalin? (following initial washing 
out of blood with o.9 per cent NaCl) while under 
nembutal anesthesia and were then autopsied. 

Ten of the formalin-perfused animals furnished 
histological material. For additional histological 
material 3 cats were arranged for perfusion before 
being struck. The start of flow of formalin was 
timed so that fixing fluid entered the animal’s 
body approximately 5 seconds after the blow was 


1Designed by Dr. Craig Goodwin and similar to that described 
by Dusser de Barenne, Garol, and McCulloch (9). 

2Some were perfused with a formalin, acacia, sodium chloride 
solution according to a new method (24). 
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struck. Three cats, anesthetized, surgically pre- 
pared, and electrically stimulated but not struck, 
served to control the histological phase of the 
work. Preparation of the spinal cord material and 
staining of the Nissl bodies, myelin sheaths, and 
axis cylinders were carried out as described in a 
previous paper on brain concussion (42). Some 
cords were sectioned transversely; others, longi- 
tudinally in the coronal plane. Serial sections 
were obtained from spaced regions of the entire 
cord. 

The method for staining the Nissl material of 
the nerve cell cytoplasm was designed to give 
great uniformity of results. It employs dilute so- 
lutions of thionin made up in buffers of pH 4 to 
pH 4.5. Staining is carried progressively to com- 
pletion and decolorizing is unnecessary. Control 
and experimental material of the present study 
was stained together simultaneously. 

In order to facilitate the interpretation of cell 
changes which occurred in the spinal cords of the 
experimental animals, ventral roots.were sectioned 
intradurally in 5 other cats and the animals were 
sacrified 6, 12, and 18 days after operation. Two 
or three roots were cut in each animal and the 
series embraced the third lumbar to the first sac- 
ral inclusive on one side only. Control material 
was afforded by the intact side of the cord and 
by portions of the adjacent segments cranial and 
caudal to those corresponding to the sectioned 
roots. The animals were fixed by perfusion with 
formalin, acacia, sodium chloride solution (24). 
The appropriate portion of the spinal cords was 
serially sectioned longitudinally in the coronal 
plane and the sections were stained by the method 
for Nissl bodies (42). 


PHYSIOLOGICAL RESULTS 


Stimulation of the saphenous branch of the fem- 
oral nerve elicited reflex contraction of muscles 
supplied by the sciatic nerve. A distinct foot 
movement was chosen as the response for obser- 
vation. A blow applied over approximately the 
sixth lumbar spinal cord segment produced con- 
cussion, the severity of which was ascertained by 
the magnitude of increase and the duration of re- 
covery time of the threshold for the femoral-sciatic 
reflex. The severity of the concussion increased 
with the strength of the blow. The longitudinal 
extent of spinal cord involved in concussion upon 
a given blow also depended upon the strength of 
that blow. A blow producing concussion at the 
seventh and eighth thoracic segments did not 
spread sufficiently to produce concussion of the 
region of the cord involved in the femoral-sciatic 
reflex, i.e., fifth lumbar to second sacral. It re- 


sulted in hyperirritability of the hind quarters to 
saphenous nerve stimulation. Blows spaced from 
the eleventh thoracic down to the third lumbar 
segments caused progressively greater increase in 
threshold for the femoral-sciatic reflex. Effective- 
ness of blows over the first and second caudal ver- 
tebrae in producing concussion of the region of the 
lumbar enlargement was much reduced. 

In the few times observed, a femoral-obturator 
reflex behaved just as the femoral-sciatic reflex. 

Contraction of the platysma muscle below the 
mandible also resulted from stimulation of the 
saphenous nerve. A blow producing concussion 
at the lumbar enlargement caused a rise in thresh- 
old of this femoral-facial reflex. A blow producing 
concussion at the seventh and eighth thoracic 
segments did the same. 

Stimulation was applied in the pyramid to evoke 
hind limb movement and slight forelimb move- 
ment. A blow at the lumbar enlargement caused 
a rise of threshold for hind limb movement. A 
blow at the seventh thoracic segment likewise read- 
ily caused an increase, although forelimb move- 
ment, motor nerves for which originate from cord 
segments closer to the site of the blow, was little 
affected. 

Occasionally an animal exhibited considerable 
general muscular activity on saphenous stimula- 
tion. A blow at the lumbar enlargement com- 
pletely abolished this response while one at the 
level of the seventh thoracic segment extinguished 
it only rostral to the level of the blow. 

In one-fourth of the instances in which concus- 
sion was produced at the level of the lumbar en- 
largement, the hind limbs immediately extended 
in tonic spasm lasting 5 to 25 seconds. The oc- 
currence of spasm seemed to be unrelated to the 
severity of concussion. 

Results from animals with vagus nerves or spi- 
nal cord sectioned did not differ from those de- 
scribed above. 

In stimulating the saphenous nerve a wave 
frequency of one per second and nearly always a 
falling phase of 20 sigma were used. Control 
threshold values (values recorded before concus- 
sion) for the femoral-sciatic and femoral-facial re- 
flexes ranged from 0.1 to 0.4 volt. Concussional 
thresholds extended to greater than 10 volts. 
Stronger stimuli were not used. In two-thirds of 
the instances, thresholds returned to the control 
values. In the rest, thresholds returned nearly to 
control levels. Recovery was generally accom- 
plished in 1 to 5 minutes although the time ranged 
from less than 1 to 15 minutes. In general, thresh- 
olds fell gradually through the recovery period, 
usually faster during the early part. 
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For stimulation in the pyramid, a frequency of 
100 per second was employed. Control thresholds 
ranged from 2.0 to 5.0 volts. Other details were 
the same as those described in connection with 
saphenous stimulation. 

No gross functional aberrations referable to spi- 
nal cord damage were seen in the injured cats in a 
period of 14 days after the concussion. There is 
the possibility, however, that the proper type of 
test would reveal some abnormalities. 


MORPHOLOGICAL RESULTS 


Most of the animals which were struck one 
blow suffered no hemorrhage inside the vertebral 
canal although many had traces of blood in the 
musculature at the site of the blow. Some had 
light extradural or subdural hemorrhage but no 
intramedullary bleeding. In these and in two cats 
which suffered complete transverse fractures of 
intervertebral discs without any alteration inside 
the vertebral canal there were no functional indi- 
cations of the complicating condition. A second 
or third hard blow at the same level often pro- 
duced intramedullary hemorrhages or extensive 
subdural bleeding leading to compression of the 
cord. Delayed effects of these complicating inju- 
ries upon thresholds could usually be observed in 
such cases. In 2 instances very strong blows pro- 
duced fractures which lacerated the cord and pro- 
duced functional results readily distinguishable 
from those of concussion. 

Histological examination of the affected region 
of the spinal cord of the animals perfused immedi- 
ately after the blow revealed subtle changes among 
all nerve cells except the motoneurons. The Nissl 
bodies of most neurons seemed to be agglutinated 
and the nucleolus was more often irregular as com- 
pared to control material and as compared to more 
remote segments in the same animal. These 
changes were essentially the same as reported in 
the brains of guinea pigs upon concussion (42). 

The chief histological alteration found in the 
spinal cord 6 days after concussion was chromato- 
lysis of nerve cells at a level underlying the exter- 
nal site of the blow. The principal participants 
in this reaction were interneurons of large and in- 
termediate size of both dorsal and ventral grey 
columns. Many were reduced to mere shadows, 
which could not be photographed, although all 
stages of degeneration were found; some may be 
seen in Figures 4 to 8. The smallest interneurons 
were probably also affected, perhaps even dimin- 
ished in number, but it is difficult properly to 
assess changes in these small cells. 

The longitudinal spread of this process of chro- 
matolysis and the number of cells affected by it 


were directly proportional to the severity of the 
concussion. Following a moderate concussion 
many chromatolyzed cells were found within about 
a 3 centimeter length of cord. For a distance of 
about 1 centimeter beyond either end of this re- 
gion were found a relatively few scattered cells 
undergoing chromatolysis. 

A comparison of the concussion material with 
spinal cords from animals in which ventral roots 
had been sectioned intradurally revealed two per- 
tinent points. First, relatively few motoneurons 
(cells which underwent chromatolysis following 
severance of ventral roots) underwent chromato- 
lysis after concussion and these were located with- 
in a few millimeters of the center of the affected 
length of spinal cord. Second, most of those chro- 
matolyzed motoneurons found 6 days after con- 
cussion were in a stage of degeneration far beyond 
that of motoneurons 6 days (or even 12 or 18 days) 
after ventral root section. Compare Figure 2 
with 3. 

The only axis cylinder abnormalities seen in the 
spinal cord 6 days after concussion were some ter- 
minal bulbous enlargements. These occurred only 
in the more severe concussions, and then, to what 
would seem to be an insignificant extent. They 
were nearly entirely limited to the lateral funiculi 
in a segment of cord 3 or 4 millimeters long at the 
middle of the injured region. The absolute extent 
of this pathology was 1o millimeters to 15 milli- 
meters. 

Myelin sheaths, as studied with the Weil stain, 
were normal. So were blood vessels. There was no 
proliferation of glia or transformation into patho- 
logical glia in the injured regions. Dorsal root 
ganglia, dorsal roots and ventral roots showed no 
abnormalities 6 days after concussion, even at the 
level of most intense chromatolysis within the 
spinal cord. 

One cat was allowed to live indefinitely after 
sustaining three spinal cord concussions, one of 
which was severe. The animal remained healthy, 
continued to grow, and showed no abnormalities. 
At last observation, 7 months after the injuries 
were inflicted, the cat weighed 4.12 kilograms as 
against the original weight of 2.95 kilograms. 
Thus, spinal cord concussion was not followed by 
slowly progressive degeneration in the spinal cord 
due to primary nervous tissue damage or to vas- 
cular involvement. 


DISCUSSION 
It would seem that one important facet of spi- 
nal cord concussion is interruption of function of 


the cell bodies of the interneurons and, to a much 
less extent, of the lower motor neurons. Certainly 
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Fig. 1, left. Normal motoneurons in the seventh lumbar 
segment of the spinal cord of a cat. X 575. 
Fig. 2. Incipient chromatolysis of motoneurons in the 


it is the interneurons which show the principal his- 
tological alterations in spinal cord concussion and 
postconcussion and it is the interneuron cells which 
bear the brunt of the functional and histological 
changes in brain concussion. A blow over the 
lumbar enlargement abolishes the motor response 
of the hind limb to a stimulus applied to the pyra- 
midal tract in the pons. This is more likely due 
to paralysis of interneurons on which pyramidal 
tract fibers end (27) than to paralysis of the moto- 
neurons themselves. We recall that in brain con- 
cussion the excitability of the cranial motor nu- 
clei was usually not at all, or but little, decreased 
while reflexes involving those nuclei were non- 
elicitable (13). Since in brain concussion the fibers 
were not blocked, the seat of these reflex disturb- 
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Fig. 3, left. Chromatolysis of a motoneuron in the fifth 
lumbar segment of the spinal cord of a cat 6 days after con- 
cussion of the spinal cord. X 575. 
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seventh lumbar segment of the spinal cord of a cat 6 days 
after intradural section of the corresponding ventral root 
The cell at the right is out of focus. X 575. 


ances seems to have been the interneuron cells. 

The present experiments demonstrate that one 
element of concussion of the spinal cord is a block 
of long ascending and descending nerve fibers. 
This is different from brain concussion, in which 
the functional integrity of nerve fibers is little, if 
any, affected (13). The discrepancy is probably 
rooted in a difference in the mechanical features 
involved in concussion of the two parts of the cen- 
tral nervous system. Whether or not short nerve 
fibers and the extremities of long nerve fibers are 
blocked in spinal cord concussion is unknown. 

Of interest are the observations that some de- 
gree of tetanus of hind limbs occurred in only one- 
fourth of the concussions of the region of the lum- 
bar enlargement and that tetanus did not occur 





Fig. 4. Chromatolysis of a large interneuron in dorsal 
part of ventral gray column in third lumbar segment of spi- 
nal cord of a cat 6 days after concussion of spinal cord. X 575. 
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Fig. 5. 

Fig. 5. Chromatolysis of a large interneuron in the dor- 
sal part of the dorsal gray column in the fifth lumbar seg- 
ment of the spinal cord of a cat 6 days after concussion of 
the spinal cord. X 610. 

Fig. 6. Chromatolysis of a medium size interneuron in 
the ventral part of the dorsal gray column in the fourth 
lumbar segment of the spinal cord of a cat 6 days after con- 
cussion of the spinal cord. X 610. 


in any concussions of the midthoracic region. If 
the conduction block in nerve fibers which we 
demonstrated was analogous to that which Krems, 
Schoepfle and Erlanger observed in the dissected 
sciatic nerve of the green frog compressed by a 
blast from an air pistol, we should have expected 
to have obtained better evidence of the immediate 
discharge which preceded partial or complete block 
in their preparation, and of the repetitive spikes 
initiated in the blocked fibers. If the sine qua non 
of concussion is a depolarization of nerve cell mem- 
branes with resulting massive discharge, as Walker, 
Kollros and Case have stated, we should have ex- 
pected tetanus of hind limbs to have been a con- 
stant concomitant of concussion of the spinal cord 
in the region of the lumbar enlargement. Since 
tonic spasm, when it did occur, was not clearly 
associated with any magnitude of blow or severity 
of block it cannot reasonably be said to have in- 
dicated concussion. 

All evidence indicates that the lysis of Nissl 
bodies in postconcussion is directly referable to 
physical injury of the cells sustained at the time 
of concussion. In both brain concussion and spi- 
nal cord concussion morphological evidence of this 
immediate physical injury may be seen as a subtle 
intraneuronal disorganization. The postconcus- 
sional chromatolysis is clearly different from that 
following axon section or asphyxia. Finally, there 
is usually no evidence of inflammation following 
concussion. 


Fig. 7. Fig. 8. 

Fig. 7. Chromatolysis of a medium-small size interneu- 
ron in the ventral part of the dorsal gray column in the 
fourth lumbar segment of the spinal cord of a cat 6 days 
after concussion of the spinal cord. There is a normal] inter- 
neuron above the chromatolyzed cell. X 610. 

Fig. 8. Chromatolysis of a small interneuron in ventral 
part of dorsal gray column in fourth lumbar segment of spi- 
nal cord of a cat 6 days after concussion of spinal cord. X 610, 


Spinal cord concussion at the level of the phrenic 
nucleus or higher would perhaps lead to fatal ar- 
rest of respiration. We have made no study of the 
effect of high blows because the topography of the 
cervical region practically precludes the possibil- 
ity of uncomplicated spinal cord concussion. 

There is reason to believe that spinal cord con- 
cussion as suffered by man is more severe in its 
physiological aspects than in the cat. In the cat 
a midthoracic blow does not alter the threshold 
for the femoral-sciatic reflex but in man it prob- 
ably would, due to the much greater depth of 
spinal shock to which man is subject. Perhaps 
intervention of spinal shock can in some way 
lengthen considerably the period of functional re- 
covery following a reversible spinal cord injury. 
In addition there is the possibility that spinal cord 
concussion can be more severe in man than in 
laboratory animals because of the greater strength 
of the vertebral column and consequently the 
greater force that can be applied to the nervous 
tissue without producing complication. 

A major aim of the present study is clarification 
of the term, concussion. Persistent use of it to 
cover traumatic injuries of the brain and spinal 
cord displaying the most diverse clinical and path- 
ological findings has greatly muddled thinking and 
writing on this important subject. This state of 
affairs is mildly indicated in so recent and excel- 
lent a book as Injuries of the Skull, Brain and 
Spinal Cord, edited by Brock, where different 
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Fig. 9. Area of dorsal gray column including Clarke’s column of cells. The chromatolyzed interneuron 
at the extreme left is not in Clarke’s column. Arrows indicate chromatolyzed ceils. X 145. 


writers used concussion in different senses and the 
editor found it necessary to add explanatory re- 
marks and guiding*notes at several places. This 
should be corrected, not arbitrarily but on a prac- 
tical and a sound basis. 

If the term, concussion, is to be applied to both 
brain and spinal cord injuries, let the functional 
and pathological basis for application in the two 
instances be as similar as possible. Concussion of 
the brain has been shown to be a state immedi- 
ately following application of an adequate force to 
the brain, a state in which chiefly the interneurons 
are incapacitated, resulting in a transient paralysis 
even though cranial motor nuclei are usually not 
significantly affected. Structural alterations in in- 
terneurons have been demonstrated in concussion 
and chromatolysis has been shown to occur in the 
early postconcussion period. Except for fiber dam- 
age sometimes perceptible in early postconcussion, 
this is the extent of the pathology in and after 
simple concussion of the brain (42, 14). 

Earlier, both clinical and experimental reports 
appeared in which traumatic hemorrhages, con- 
tusions, and lacerations were confused with con- 


cussion and more or less severe degenerative proc- 
esses following injury were described under the 
heading, concussion of the brain. On the other 
hand, there were those writers who believed that 
concussion of the human brain was marked by 
brief unconsciousness and chiefly paralytic effects 
unaccompanied by any anatomical changes. This 
latter view was a step toward order in classifica- 
tion of head injuries. 

Many previous investigators have reported ex- 
periments and patients in which spinal cord con- 
cussion was distinguished not at all or only fig- 
uratively from traumatic hemorrhages, contusions, 
lacerations, and severe degenerative processes. But 
there is little in the literature to indicate that any- 
one ever thought definitely of spinal cord concus- 
sion as a reversible injury with no anatomical 
basis. This is no reason to fail to recognize now 
the true nature of spinal cord concussion as a brief 
spinal cord block with fiber and interneuron in- 
volvement. Knight approached this understand- 
ing when he wrote that uncomplicated concussion 
of the spinal cord will resolve completely with 
time, but if the concussion masks an underlying 
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contusion the signs of the latter injury will become 
manifest as concussion passes off. Recovery from 


the symptoms of spinal cord concussion in humans, - 


according to Knight, may occur within 24 hours 
or be delayed for a week or more. 

The indiscriminate use of the terms, spinal cord 
concussion or spinal concussion arose in, and has 
been perpetuated by uncritical clinical, patholog- 
ical, and experimental observations. Pathological 
studies in man were all on severely injured pa- 
tients or else were not judiciously appraised from 
the etiological standpoint. All or part of the le- 
sions found were assigned to concussion. In the 
laboratory, very severe injuries were inflicted on 
animals and were called concussion. No ade- 
quately correlated functional and histological ex- 
perimental studies were produced. Consequently 
no one knew what sort of pathological picture a 
recovered case might have displayed. In addition, 
the attempt was never made to dissociate early 
functional disturbances from excess pathological 
changes, i.e., to discover the maximum functional 
aberrations which could occur with the minimum 
anatomical alterations. Hence, in the clinic and 
in the laboratory, trauma which affected the spi- 
nal cord without grossly contusing or lacerating it 
was said to result in concussion regardless of the 
real nature of the lesions. If the spinal cord was 
directly contused or lacerated by a missile or bone 
fragment, it was still said to have suffered concus- 
sion adjacent to, or even remote from the directly 
contused or lacerated area if those other parts 
showed any pathological changes. In this way con- 
cussion came to be used as a very nonspecific term 
and, what was most unfortunate, the use of other 
more specific terms was passively discouraged. 

Erichsen wrote in 1886 (1st ed., 1875) that 
there are four forms of lesions leading to fatal re- 
sults in cases of spinal concussion: (1) hemorrhage 
within the spinal canal; (2) laceration of the mem- 
branes of the spinal cord and extrusion of the med- 
ullary substance into the spinal canal; (3) extrava- 
sation into the substance of the spinal cord; and 
(4) disintegration and perhaps inflammatory sof- 
tening of the spinal cord. Erichsen also mentioned 
molecular disturbance and anemia as causes of 
concussion. Further, he included as spinal cord 
concussion, cases in which injury was remote, per- 
haps not even affecting the vertebral region, fol- 
lowed by general nervous disease, and injuries in 
whichsymptoms were delayed and rana slow course. 

Obersteiner described as concussion a case of 
gunshot injury of the spinal cord. The survival 
time was 5 weeks. There was an extensive area 
of softening and widespread degeneration in the 
spinal cord. 
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Page in 1885 (1st ed., 1882) severely criticized 
the writings of Erichsen and others. He was of 
the opinion that their reports were based upon 
faulty interpretations and that there was no evi- 
dence for their conclusions. However, he contrib- 
uted nothing constructive to the knowledge of 
spinal cord injuries. 

Spiller reported fatal injuries in a kitten (39) 
and in a human being (40) which he called concus- 
sion of the spinal cord. Pathological alterations 
were minute hemorrhages and Marchi degenera- 
tion. In the kitten there were alterations of the 
anterior horn cells. 

In r9co Hartmann published a paper on uncom- 
plicated traumatic spinal cord diseases. The title 
is somewhat misleading because by ‘“‘uncompli- 
cated” the author meant all the cases in which 
there was no persistent injury to the vertebral col- 
umn such as fracture or unreduced dislocation. 
Symptoms set in at once or were delayed. The 
pathology included primary and secondary fiber 
degeneration, hemorrhages, foci of necrosis, de- 
generation of anterior horn cells, root degenera- 
tion, glia proliferation, blood vessel changes, and 
meningeal involvement. The blood vessel changes 
were considered to be very significant and to lie 
at the root of much of the other damage. 

Holmes, Claude and Lhermitte (5, 6), Lhermitte 
(26), and Ferraro (11) reported on spinal cord 
pathology in soldiers in whom the vertebral 
column was injured by a projectile without the 
spinal cord receiving a direct wound. The cases 
were spoken of as concussion. Clinical symptoms 
were those of total or subtotal transverse cord le- 
sions. All found foci of necrosis, cavitation, acute 
primary degeneration of nerve fibers and glia pro- 
liferation within several segments of the level of 
injury. Besides, Claude and Lhermitte (5) and 
Lhermitte (26) found spinal nerve root degenera- 
tion and alterations of the central canal. They 
declared that the bodies of nerve cells of the gray 
substance were remarkable in their resistance to 
concussion. In addition, Ferraro (11) found focal 
hemorrhages and changes in the walls of blood 
vessels. Holmes also found hemorrhages. 

Marburg (30) and Marburg and Ranzi (31) de- 
scribed the pathology of the same type of war in- 
jury cases but refrained from applying the name 
concussion to any of them. The most important 
change, Marburg believed, was an alteration in 
the walls of blood vessels leading sometimes to 
occlusion. He felt that most of the other pathol- 
ogy was the result of vascular alterations. 

Mott referred to a case as spinal concussion in 
which there was a paralysis of arms, legs, and in- 
tercostal muscles together with anesthesia below 
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the second cervical level; death followed in 2 days. 
Extensive meningeal and intramedullary hemor- 
rhages were found. The cells in the phrenic nu- 
cleus at the fourth and fifth cervical segments 
were entirely destroyed. There was vacuolation 
of myelin and swelling of axis cylinders at the seat 
of the injury. 

Hassin (16) reported as concussion of the spinal 
cord a case in which the patient tripped over a 
wire and fell, striking his right shoulder. He arose 
and resumed work. Weakness of the right hand 
was present 4 weeks later and by 11 months both 
arms and legs were weak and showed wasting. 
The patient died of pneumonia 18 months after 
the fall and shortly after a laminectomy which 
had revealed no evidence of fracture dislocation 
or dural lesion. There were widespread degenera- 
tive changes of the anterior horn cells associated 
with proliferative neuroglial alterations. There 
were microscopic foci of degeneration or softening 
in the anterior horns in the lower cervical region. 
The posterior horns and Clarke’s column showed 
practically normal cells. Fiber degeneration was 
found in the lateral columns, involving the lateral 
corticospinal tracts, the lateral limiting zones and 
Gower’s tracts. The fiber lesions were said to be 
secondary to the cell lesions, the delicate cells suf- 
fering most from the jar. Hassin attributed the 
slow onset and progressive course of the clinical 
symptoms to the time necessary for nerve fiber 
degeneration to become manifest. In this (16) 
and a later paper (17) Hassin stressed the inci- 
dence of concussion of the spinal cord even far 
away from the region directly affected. 

Davison and Keschner attributed to concussion 
the foci of necrosis which they found at varying 
distances below the primary lesions in cases of 
compression fractures. 

Two cases, in one the patient dying of sepsis in 
28 days, in the other of uremia in 14 days, formed 
the basis for the statement of Baldwin that pri- 
mary and secondary degeneration of nerve fibers, 
foci of softening and destruction of ventral horn 
cells are manifestations of concussion of the spinal 
cord. 

Scheinker identified as concussion a case in which 
the motor symptoms of limb weakness and atrophy 
were of gradual onset and progressive course. The 
patient succumbed to respiratory paralysis in 6 
months. Fiber degeneration appeared in periph- 
eral nerves. In dorsal root ganglia, the nerve cells 
were practically normal and the posterior roots 
were only slightly affected. But in the anterior 
roots severe fiber degeneration occurred. Wide- 
spread severe fiber degeneration and chromatoly- 
sis of anterior horn cells were found in the spinal 


cord. Many of the vessels throughout the spinal 
cord were congested. Diapedesis of red blood cor- 
puscles was found associated with vessels showing 
degenerative changes in the endothelium. 

Clutton, Clark, MacDougall, Hartmann, and 
Casamaijor, all reported as concussion similar cases 
in which back trauma was followed by paraplegia, 
loss or impairment of sensation, and retention of 
urine. The symptoms began to regress in a few 
days and recovery was nearly complete in approx- 
imately 2 to 6 weeks. The delayed recovery times 
probably indicate that the injuries were concus- 
sion plus complications. 

As has been implied, previous experimental! work 
has not been of aid in classifying or clarifying trau- 
matic injuries to the spinal cord. The work of 
Schmaus, in 1890, purporting to be on spinal cord ~ 
concussion, considerably influenced thought in this 
field. He cited fatal cases of three human beings 
and a cat to show that the fiber degeneration 
which is found in the spinal cord at death some 
time after injury is primary and is not due to some 
gross lesion which interrupts the fibers. Besides 
this fiber degeneration there were other severe al- 
terations in the spinal cord, including hemorrhage, 
infection, softening, and cavitation. He produced 
spinal cord injuries in rabbits by striking repeated 
blows on a board laid on the back. It should be 
mentioned that this method of producing injury 
by many repeated blows, first used by Koch and 
Filehne in 1874 in brain injury studies and subse- 
quently employed by others in spinal cord investi- 
gations, has no practical basis. In Schmaus’ work 
the traumatization was extreme, countless blows 
being delivered over a period of a few or many 
days. He made no further studies on a number of 
animals which seemed completely recovered after 
the traumatization was stopped. In most cases 
lasting paralysis of the hind limbs resulted and 
atrophy appeared after the second week. These 
animals were sacrified or died 2 to 44 days after 
the beginning of the experiment. The thoracic re- 
gion of the cord was studied chiefly. In some 
there were no histopathological findings in nerve 
fibers and cells. In general the animals which 
gave these negative results were those which lived 
only a short time. In the rest all anterior horn 
cells of the spinal cord showed changes which the 
author hesitated to interpret. He thought they 
might be normal for young animals or might indi- 
cate a molecular concussional change in the cells. 
The greatest change was a primary degeneration 
of nerve fibers. Present also were subdural hemor- 
rhage, scattered intramedullary hemorrhages, sof- 
tening, areas of gliosis, and cavity formation. Sev- 
eral of the rabbits also had pneumonia. 
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Kirchgaesser (20, 21) laid a rubber mat on the 
back of rabbits and struck repeated blows with a 
hammer on one or several days. Five animals 
were killed and one died after 8 to 13 days. These 
were studied by the Marchi and the Weigert meth- 
ods. Five had suffered complete paralysis with 
partial or complete recovery. These showed ex- 
tensive primary degeneration of nerve fibers at the 
level of the blow and ascending and descending 
degeneration elsewhere. In a sixth animal which 
had exhibited brief tetanic spasm only, the changes 
were not as great. Two animals with different de- 
grees of trauma and paralysis were killed 15 to 17 
days after the start of the experiments, and the 
material was used for Nissl and for Marchi prepa- 
rations. Fiber degeneration was severe but cell 
changes were considered by Kirchgaesser to be 
practically negative and capable of playing only 
an incidental, secondary rdéle to the striking fiber 
changes. These injuries were all called concussion. 

Jakob produced spinal cord trauma, and al- 
though he did not specifically designate it con- 
cussion, others have done so. The injuries were 
produced in rabbits by striking hammer blows 
against a board laid on the back. Two to 12 blows 
were delivered on 1 or 2 days. In 3 animals which 
died within half an hour there were no changes in 
the central nervous system except hemorrhages, 
but the liver was ruptured in 2 of them. In 3 ani- 
mals killed 21 to 32 days after the first injury 
there were extensive primary and secondary fiber 
degeneration, variable degrees of softening and 
hemorrhages, a few scattered degenerating cells 
and heavier ganglion cell degeneration at the edges 
of the softenings and around the widened central 
canal. In an animal killed at 45 days there was 
secondary degeneration of fibers and in one killed 
at 4 months there were degenerating fibers and 
fresh hemorrhages. These last 5 rabbits were par- 
alyzed in the hind quarters for periods ranging 
from more than 1 day to 21 days. Two animals 
were each dealt two light blows which produced 
short tetanus of the hind limbs without indica- 
tions of paralysis; they were killed 2 days later. 
There was widespread diffuse fiber degeneration 
but no cell changes. In one of these animals there 
were a few small hemorrhages in the spinal cord. 

Marinesco reported on experimental concus- 
sional lesions produced by exposing dogs to gun- 
cotton explosions. Lesions were most acute in 
those animals which lived 8% hours after the in- 
jury. In the spinal cord punctate hemorrhages 
were especially numerous in the anterior and mid- 
dle gray substance of the thoracic region. Nerve 
cells enclosed in these hemorrhagic foci were un- 
dergoing chromatolysis. The small periependy- 


mal vessels were congested and the central canal 
was irregular in contour. The cells of the spinal 
ganglia were normal despite hemorrhages about 
the ganglia and in the neighboring portion of the 
dorsal roots. 

Mairet and Durante produced so called concus- 
sional lesions in rabbits by exposing them to the 
detonation of explosives. Early lesions in the spi- 
nal cord consisted of slight pial bleeding, perivas- 
cular ecchymoses more abundant in the white than 
in the gray matter and hemorrhages in the roots. 
Fiber changes were described but whether they 
were artifacts or true concussional alterations was 
left open. There were no changes in nerve cells 
of the spinal cord or dorsal root ganglia. Some 
animals were allowed to live for 5 to 9 months. 
They showed no abnormal behavior. No macro- 
scopic lesions were found. In the spinal cord there 
appeared to be a size inequality of the anterior 
horns and a diminution in number of motor cells, 
many of which were small and without processes. 
In some cases fiber changes were seen near the 
periphery. There was no secondary degeneration 
in the white matter. 

The work of Roussy, Lhermitte and Cornil is 
one of the most misleading publications on con- 
cussion of the spinal cord. These authors first re- 
ported on the results of direct trauma against the 
vertebral column in 6 guinea pigs and 1 rabbit. 
The animals were struck two to four times in the 
thoracic region. The injuries were severe, not only 
involving the vertebral column and spinal cord 
but also the viscera and ribs. The authors had 
trouble obtaining material for histological section- 
ing because of the morbidity of their animals. The 
animals used were saved as long as possible but 
their poor general condition always necessitated 
their sacrifice. The thoracic region of the spinal 
cord was studied microscopically. In 2 guinea pigs 
killed 15 to 20 minutes after the blows there was 
said to be acute primary degeneration of nerve 
fibers in the peripheral region—axis cylinders were 
hypertrophied, varicose, irregular and very frag- 
mented and myelin sheaths were distended—and 
the neuroglial meshes were dilated. Two animals 
which had brief paraplegia and abnormal reflexes 
and were killed 7 and 8 days after the first blow, 
showed acute primary degeneration of nerve fibers 
in the marginal zone, dilated neuroglial meshes, 
but no changes in the gray matter. In 1 guinea 
pig and 1 rabbit killed 13 and 23 days after trau- 
ma, there were macroscopic regions of softening 
which microscopically proved to be areas of severe 
degeneration and necrotic foci affecting practically 
the whole cross section. Findings were negative 
in a guinea pig killed 5 months after injury. The 
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authors stated that findings in human pathology 
are the same—foci of insular necrosis and acute 
primary degeneration of myelinated fibers, the 
latter mainly in the peripheral region. These le- 
sions, they stated, affect one or several segments 
of the cord at the level of the blow: this quite ob- 
viously seems to be a guess. The authors also re- 
ported a dog which was subjected to indirect trau- 
ma of the vertebral column. It was fixed with its 
back tightly against a board, anesthetized, and 
twelve violent hammer blows were struck against 
the board. The animal showed no abnormal signs 
when it awakened and in the following days seemed 
completely well. Two months later it became gen- 
erally emaciated despite normal food intake. The 
wasting was progressive and 6 months after the 
trauma the dog was described as “skin and bones.”’ 
Still, there were no neurological signs. The ani- 
mal succumbed to this cachexia. The spinal cord 
was absolutely normal upon gross inspection. It 
was stained by a method for Nissl bodies. The an- 
terior horn cells were frankly atrophied. The 
authors stated that these findings supported the 
thesis of Kirchgaesser (21) that the intensity of 
the cellular alterations was inversely (sic) propor- 
tional to the violence of the trauma. Kirchgaesser 
propounded no such theory. They contended to 
have shown that trauma directly on the vertebral 
column attacks chiefly the myelinated fibers of the 
white substance while indirect trauma of the ver- 
tebral column injures the cord less intensely, pro- 
voking cellular lesions more readily. 

Ferraro (12) conducted histological studies in 
what he called spinal cord concussion in g rabbits 
killed 1 hour to 6 days after being struck on the 
back with an iron rod. Sections were stained with 
aniline blue and orange G. In his one hour animal 
he reported loose appearance of tissue in places, 
slight enlargement of some neuroglia cells, sharply 
demarcated areas in the white matter of deeply 
stained, enlarged and deformed axis cylinders with 
swollen myelin sheaths, occasional very minute 
foci of necrosis in the gray matter, some extrava- 
sation, nerve cells deeply stained, chromatin bodies 
of nerve cells condensed either along the periphery 
of the cell body or surrounding the centrally lo- 
cated nucleus, nucleolus sometimes dislocated 
along the nuclear periphery, neurofibrils congluti- 
nated, and endocellular reticulum condensed. His 
4 hour animal showed in addition to the above 
somewhat greater changes in nerve fibers and cells, 
cytoplasmic enlargement of ependymal cells and a 
few small spots of osmic reduction. In the 12 hour 
animal the nerve fiber and cell changes were fur- 
ther advanced, the connective tissue of the me- 
ninges was relaxed and thickened, blood vessel 
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walls were thickened due to relaxation, and there 
were degenerative changes in spinal roots, espe- 
cially the posterior. There were no lesions in the 
spinal ganglia. In the radicular zone of entrance 
some of the axis cylinders ended in enlargements, 
so called Schmaus bodies. In an 18 hour animal 
the lesions were more severe. There were empty 
holes left by degenerated axis cylinders. The nu- 
cleolus was occasionally displaced into the cyto- 
plasm in nerve cells. In 30, 45 and 70 hour ani- 
mals degeneration in the white matter was pro- 
gressively more advanced. At go hours degenera- 
tion was diffuse and intense. At 6 days there was 
a pronounced neuroglial reaction. Nerve fiber de- 
generation was more advanced, many axis cylin- 
ders were gone without trace and osmic reduction 
was pronounced. Nerve cells, especially the an- 
terior horn cells, sometimes showed the axon re- 
action. 

These have been the principal findings in experi- 
mental pathological studies purporting to be of 
concussion of the spinal cord. Little comment is 
necessary. One of the outstanding deficiencies of 
previous work on the subject is lack of histological 
controls. The need for clarification of the term, 
concussion, is evident. Aside from that fact is the 
inescapable conclusion that many of the recorded 
observations are of questionable value. 

It is clear that the functional alterations with 
their attending histological changes which we have 
described in this and in other papers (13, 14, 42) 
merit a specific designation from both a clinical 
and a pathological standpoint. This is true be- 
cause these striking functional alterations have 
been shown to occur with a minimum of patholog- 
ical change. It is to these injuries of the brain and 
spinal cord that the term concussion should be 
applied, and to these only, regardless of clinical 
frequency. This procedure then purges the whole 
of the remainder of the field of traumatic central 
nervous system afflictions of confusing and non- 
specific terminology and permits of the accurate 
naming of the different clinical and pathological 
conditions. It is to be understood that trauma 
often results in a composite injury which should 
be named accordingly. It is further to be noted 
that the term, concussion, applies to the result of 
an extrinsic dynamic process such as a blow, not 
to that process itself. 


SUMMARY 


Spinal cord concussion was studied in cats. A 
blow applied over approximately the sixth lumbar 
spinal cord segment produced concussion, the se- 
verity of which was measured by the magnitude 
of increase and the duration of recovery time of 
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the threshold for a femoral-sciatic reflex. The se- 
verity of the concussion and the longitudinal ex- 
tent of spinal cord involved increased with the 
strength of the blow. A blow producing concus- 
sion at the seventh and eighth thoracic segments 
did not spread sufficiently to produce concussion 
of the region of the cord involved in the reflex. 
Blows spaced from the eleventh thoracic down to 
the third lumbar segments caused progressively 
greater increase in threshold for the femoral-sci- 
atic reflex. 

A blow producing concussion at the lumbar en- 
largement caused a rise in threshold of a femoral- 
facial reflex. A blow producing concussion at the 
seventh and eighth thoracic segments did the 
same. 

Stimulation was applied in the pyramid to evoke 
hind limb movement and slight forelimb move- 
ment. A blow at the lumbar enlargement caused 
a rise of threshold for hind limb movement. A 
blow at the seventh thoracic segment likewise read- 
ily caused an increase although forelimb move- 
ment, motor nerves for which originate from cord 
segments closer to the site of the blow, was little 
affected. 

Occasionally an animal exhibited considerable 
general muscular activity on saphenous stimula- 
tion. A blow at the lumbar enlargement com- 
pletely abolished this response while one at the 
level of the seventh thoracic segment extinguished 
it only rostral to the level of the blow. 

In one-fourth of the instances in which concus- 
sion was produced at the level of the lumbar en- 
largement, the hind limbs immediately extended 
in tonic spasm lasting 5 to 25 seconds. The occur- 
rence of spasm was unrelated to severity of con- 
cussion. 

Histological studies were rigorously controlled. 
Examination of the affected region of the spinal 
cord of animals perfused immediately after the 
blow revealed subtle changes among all nerve cells 
except the motoneurons. The chief histological 
alteration found in the spinal cord 6 days after 
concussion was chromatolysis of nerve cells at a 
level underlying the external site of the blow. 
The principal participants in this reaction were 
interneurons of both dorsal and ventral gray col- 
umns. A comparison of the concussion material 
with spinal cords from animals in which ventral 
roots had been sectioned intradurally revealed 2 
pertinent points. First, only relatively few moto- 
neurons (cells which underwent chromatolysis fol- 
lowing severance of ventral roots) underwent chro- 
matolysis after concussion, and those were located 
within a few millimeters of the center of the af- 
fected length of spinal cord. Second, most of those 
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chromatolyzed motoneurons found 6 days after 
concussion were in a stage of degeneration far be- 
yond that of motoneurons 6 days after ventral 
root section. 

Uncomplicated concussion of the spinal cord in 
the cat, then, is a complete functional block of the 
spinal cord at the level of application of an ade- 
quate force to the nervous parenchyma. Nerve 
cells, principally interneurons, and long ascending 
and descending fiber tracts are involved. The pe- 
riod of concussion is brief, passing into the period 
of postconcussion when the paralysis ceases. The 
much greater depth of spinal shock to which man 
is subject perhaps adds to the profoundness of 
the functional alterations in man. Subtle but his- 
tologically demonstrable cell alterations occur in 
concussion, and frank chromatolysis is evident in 
postconcussion as a direct result of the physical 
injury of the cells sustained at the time of con- 
cussion. 

A review of the literature on spinal cord con- 
cussion supports the statements that the term, 
concussion, must be clarified, and that many of 
the recorded observations on spinal cord concus- 
sion are of questionable value. The functional al- 
terations with their attending histological changes 
which we have described in this and in other papers 
merit a specific designation. It is to these injuries 
of the brain and spinal cord that the term, con- 
cussion, should be applied, and to these alone. 
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IMMEDIATE SKIN GRAFTING FOLLOWING INJURIES 


M. K. KING, M.D., F.A.C.S., Norfolk, Virginia 


OUNDS which can be surgically 

cleansed, débrided, and closed with- 

in 6 hours after injury usually heal 

by primary union. This applies to 
compound fractures as well as injuries to soft tis- 
sues. The secret of such healing is surgical cleans- 
ing and is dependent on no antiseptic or bacterio- 
static drugs. We have adequately demonstrated 
this principle in treating several thousand injuries 
over the past 10 years. Before the introduction of 
the sulfonamides, we routinely closed compound 
fractures and other injuries when they were seen 
early. 

In war wounds such treatment is not recom- 
mended. There is neither the time nor facilities 
available for the meticulous cleansing and dé- 
bridement necessary in those first few golden 
hours. On the home front most patients with in- 
juries come to the hospital early and the conditions 
are such as to make closed methods of treatment 
safe and practical. 

To be successful, cleansing must be thorough. 
Every particle of foreign material and devitalized 
tissue must be removed from the wound. This 
treatment requires time, patience, adequate anes- 
thesia, and plenty of soap and water. A stiff brush 
may even be necessary to remove dirt ground into 
the end of a bone, or the bone may have to be cut 
back for a short distance. Unless one is certain 
that all dirt has been removed, it is safer not to do 
a primary closure. 

We have some additional safeguards in the 
sulfonamides when they are used in addition to, 
and not as a substitute for, surgical cleansing. 
Sulfanilamide crystals is the usual drug of choice. 
It may be frosted into the wound just before clos- 
ing. It undoubtedly has decreased the incidence 
of infections in wounds when properly used, but 
it should be stated most emphatically that sulfa- 
nilamide will not prevent infection in a dirty 
wound. 

Primary healing frequently means a saving in 
time of weeks or even months. It means decreased 
hospitalization and expense. It means minimum 
pain and deformity with maximum functional 
result. 

Unfortunately, many wounds cannot be closed 
primarily because of loss of soft parts or because 
of swelling. By means of skin grafting many such 
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wounds can be closed and primary healing achieved. 
A few examples of such injuries will be discussed. 


ABRASIVE WOUNDS 


This type of injury is usually produced by con- 
tact with grinding tools, by being dragged over a 
roadway, or by contact with a moving cable or 
rope. The wound is painful and dirty, and the 
dirt is ground into the underlying tissues. 

Treatment consists of thorough surgical cleans- 
ing under adequate anesthesia and covering the 
surface with a partial thickness graft (Fig. 1). 
Local anesthesia is inadequate. Pentothal is usu- 
ally very satisfactory. The wound is covered with 
sterile gauze until the remainder of the limb is 
thoroughly scrubbed with soap and water and 
ether. The wound is then irrigated gently, and 
particles of dirt and devitalized tissue are removed 
with forceps. Sharp dissection should be used 


when necessary. A small continuous stream of 
sterile water or saline facilitates the cleansing. 
Cleansing and débridement should be continued 





Fig. 1. a, above, Wound of forearm in which the superfi- 
cial structures have been torn away down to the muscle. 
b, below, After thorough surgical cleansing and débridement 
wound has been converted into a “‘closed wound” by means 
of a partial thickness graft. The graft is 0.018 inch and 
was taken from the thigh with a Padgett dermatome. Note 
the basting type of suture which is used to hold the graft in 
firm apposition with underlying tissues and which also 
allows escape of serum. All sutures are fine black silk. 
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until one has a surgically clean wound with only 
healthy viable tissue remaining. 

Finally the surrounding area is painted with 
merthiolate, and the wound is draped with sterile 
sheets. A partial thickness skin graft is taken 
from a convenient area sufficient to cover the 
wound. The cutting may be done with a knife or 
razor, but the Padgett dermatome is far superior 
for covering large areas. Furthermore, the grafts 
are more uniform in size and thickness, and there 
is less damage to the donor site. A graft of 0.014 
to 0.018 inch is easy to handle, gives a good cos- 
metic result and leaves a donor site which heals 
rapidly without scarring. 

Before the graft is applied, the wound is frosted 
lightly with crystalline sulfanilamide. The graft 
is sutured in position under slight tension, by 
means of fine silk on an atraumatic needle. A 
quilting pattern of sutures is used to bring the 
graft into firm apposition with the underlying 
bed, and these sutures decrease the need for accu- 


SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 2. Slicing wounds of the finger tips, covered imme- 
diately with a small thick graft. The graft is thick at the 
center, tapered at the edges, and is cut from the forearm 
with a scalpel. Sutures are of fine silk. 


rately applied pressure postoperatively (Fig. 1, b). 
They also allow serum to escape and obviate the 
necessity for cutting holes in the graft. It does 
not matter if a few islands of the original skin are 
present beneath the graft. When suturing is com- 
pleted, the whole area is again sprinkled lightly 
with sulfanilamide crystals, a gauze sponge satu- 
rated with sterile glycerine is pressed down firmly 
on the graft, and bulky gauze dressings are ap- 
plied. Moderate pressure is maintained with ad- 
hesive strapping or elastic bandage. We have 
found special dressings unnecessary. Mechanics’ 
waste is too lumpy and gives an uneven pressure. 
The outer dressings are removed in 5 days, and if 
the wound is clean and dry, it is redressed and 
after another 5 days the sutures are removed. 

If the details outlined are followed, a 100 per 
cent “take” of the graft should be obtained. Heal- 
ing time is greatly shortened, discomfort is mini- 
mized, and the cosmetic result is excellent in this 
method of treatment. 
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Fig. 3. a, left, Wound of the dorsum of hand leaving ex- 
tensor tendons exposed. If the tendons are not covered, 
sloughing may be expected with crippling and deformity. 
A partial thickness graft will not give good function. b, 
right, After surgical cleansing and débridement, the hand 


SLICING WOUNDS OF THE FINGERTIPS 
Slicing injury of the fingertips is common in 
those working with knives, sharp-edged tools, or 
machinery. If the wound is allowed to heal spon- 
taneously, it means healing by granulation and 
almost always results in a tender or painful scar. 
Many patients will return later requesting ampu- 
tation for relief of these symptoms. If primary 
closure is attempted, it is necessary to shorten the 
bone in order to secure an adequate skin flap. 
Immediate application of a thick skin graft to 
the wound will give rapid healing, good function, 
and will avoid further shortening of the finger 
(Fig. 2). The operation is a minor one and can be 
performed in the office or dressing room under 
procaine block anesthesia. The whole hand is 
thoroughly scrubbed. Usually very little cleans- 
ing of the wound is necessary since it is a smooth 
cut with free bleeding. Bleeding can be ade- 
quately controlled by pressure. The graft is cut 
from the flexor surface of the upper forearm in the 
same manner as a large pinch graft. A pattern 
is unnecessary for such a small graft. In females 
it may be desirable to use some portion of the 
anatomy other than the forearm. The graft should 
be full thickness at the center with a little of the 
subcutaneous tissue and tapered at the edges. It 
is sutured into position with fine interrupted silk. 
Sulfanilamide powder is sprinkled about the wound, 
a glycerine gauze dressing applied, and the finger 
bandaged under slight pressure. 
Rapid, clean healing usually follows this pro- 
cedure and a successful take may be expected in 
over 80 per cent of wounds so treated. Pain prac- 
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has been placed in a pocket flap on the abdomen. The flap 
is thick and carries some fat. Note the anchor sutures to 
prevent movement of the hand. One end of the flap is di- 
vided in 7 to 10 days, the other in 12 to 17 days. The ab- 
dominal defect is covered with a partial thickness graft. 


tically disappears after the graft is applied, and 
whether the graft survives or not, pain is greatly 
minimized in contrast to that seen when the wound 
is left open. Indeed, this is true of nearly all 
wounds treated by skin grafting. A very painful 
burn will become almost painless once it is cov- 
ered with skin. 


WOUNDS LEAVING EXPOSED TENDONS 


Injuries in which the tendons are left exposed 
always lead to considerable disability unless 








Fig. 4. a, above, Compound fracture of the tibia and fib- 
ula. The wound is meticulously cleansed and the fracture re- 
duced under direct visualization. It is necessary to enlarge 
the wound to carry out this procedure. Most important 
single feature in treatment is thorough mechanical cleans- 
ing and débridement. b, below, Because of swelling, the op- 
erative wound could not be closed until a relaxing incision 
was made below. The open wound at the site of this second- 
ary incision was then covered with a partial thickness skin 
graft from the thigh. 
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promptly treated. The exposed tendons either 
slough or become embedded in deep cicatrix. The 
hand is particularly vulnerable to such injuries, 
especially the dorsal surface where the coverings 
are thin. 

Full thickness skin grafts are essential to good 
function in covering tendons. The grafts should 
carry a small amount of subcutaneous fat and 
areolar tissue. A free graft of this type does not 
take well when placed over exposed bone or ten- 
dons. A pocket flap should be used for the hand, 
and a pedicle flap for the ankle, foot, or knee. 

For the sake of brevity, we shall discuss one 


injury of this type, a wound involving the dorsum - 


of the hand (Fig. 3). Meticulous surgical cleans- 
ing and débridement are carried out and the injury 
is converted into a surgically clean wound free of 
devitalized tissue. The preparation is essentially 
similar to that described under deep scraping 
wounds. Exposed nerve filaments should be care- 
fully preserved. 

For the donor site, an area is selected in which 
the hand will fit comfortably without tension. The 
anterior abdominal wall or thigh is suitable. A 
flap is raised of sufficient size to fit over the hand 
. and cover the wound. The hand is placed in this 
pocket and sufficient sutures used to anchor the 
flap firmly to the hand (Fig. 3, b). A few addi- 
tional stout sutures are used to anchor the hand 
to the abdomen or thigh. Firm anchorage is most 
important. Movement of the hand under the flap 
is probably the greatest single factor in preventing 
a satisfactory result. Bulky dressings and adhe- 
sive strapping give additional immobilization 
when the operation is completed. 

One end of the graft is cut free in 7 to 10 days. 
The free end is trimmed and fitted to the wound 
and sutured with fine silk or dermal. The other 
end is freed in 12 to 17 days and the final stages 
of fitting and suturing completed. The donor 
site can usually be closed but if necessary a split 
thickness graft may be used to cover the defect. 

Approximately normal tendon function may be 
expected following this method of treatment. The 
procedure is equally applicable to secondary 
sloughs following injuries or burns, provided in- 
fection is cleared up before grafting is attempted. 


MISCELLANEOUS 

In compound fractures of the forearm or leg, it 
is sometimes impossible to close the wound follow- 
ing operation. Relaxing incisions must then be 
made lateral to the wound in order to bring full 
thickness skin and fascia together over the bone. 
The relaxing incisions instead of being left open to 
granulate in may be covered with a split thickness 
graft (Fig. 4). The technique of application is 
similar to that described under scraping wounds. 
A graft of 0.014 inch is satisfactory. In this man- 
ner rapid, clean healing is assured with minimum 
disfigurement. 

In a dirty crushing or deep lacerated wound, it 
is sometimes advisable to excise the whole area, 
thus converting it into a clean surgical wound. 
Following excision, it may be difficult or impos- 
sible to bring the edges together. A partial thick- 
ness graft taken from an adjacent area may be 
used to convert this into a closed wound. The 
technique is similar to that described, except that 
in a deep wound greater care must be taken to 
bring the graft into contact with the underlying 
base. This contact is accomplished chiefly through 
suturing with fine silk and by the use of pressure 
dressings. 


SUMMARY 


Through the use of skin grafting, many open 
wounds can be converted into closed wounds, and 
thus primary healing obtained. Primary healing 
means a tremendous economic saving as well as 
decreased pain, improved function, and superior 
cosmetic results. 

To be successful, all dirty wounds must be 
surgically clean before grafting is attempted. 
Grafts must be placed and held in firm apposition 
with the underlying tissues. The most common 
causes of failure in skin grafting are: (1) infection; 
(2) blood or serum pockets beneath the graft; 
(3) inadequate contact between the graft and its 
bed; (4) improper or inadequate anchorage of the 
graft, so as to allow movement during the healing 
period. 

A variety of injuries are discussed in some de- 
tail, with methods of grafting best suited to each 
type. 
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DICUMAROL THERAPY IN POSTOPERATIVE 
THROMBOPHLEBITIS AND PHLEBOTHROMBOSIS 


WILLARD H. PARSONS, M.D., F.A.C S., Vicksburg, Mississippi 


HE outlook in postoperative pulmonary 

embolism, which was formerly regarded 

as an unpredictable, unpreventable, and 

highly fatal surgical complication, has 
been completely altered within the last few years 
for two important reasons. The first is a changed 
concept of its etiology. The second is the intro- 
duction of effective prophylactic and therapeutic 
measures, including ligation and division of the 
femoral vein and, more recently, the use of 
dicumarol. 

It is still true that in all surgical experience 
there are few more ghastly accidents than the 
sudden death from massive pulmonary embolism 
of a patient who, until the fatal episode, has been 
progressing to an uneventful recovery. There is 
no longer any justification, however, for the 
former concept that the catastrophe is a literal 
bolt from the blue. It is not. It is now realized 
that in probably 95 per cent of all cases post- 
operative pulmonary emboli which terminate 
fatally have their origin in thrombosis, often 
without an associated inflammatory factor, of the 
superficial or deep veins of the lower extremities. 

Both the incidence and the causation of post- 
operative thrombi are still matters of debate. On 
the surface, at least, geography seems to have 
something to do with the incidence. Thus Allen, 
Linton, and Donaldson report a very high fre- 
quency in Boston, while Ochsner and DeBakey 
report a considerably lower incidence in the 
South. What is important, however, is that 
wherever the condition has been properly studied, 
the incidence has always been found to be much 
higher than was once believed or than is believed 
and taught in many circles at the present time. 

The incidence of postoperative thrombosis, re- 
gardless of the locality, is always directly related 
to the proportion of necropsies secured. When- 
ever the proportion is high, there is a correspond- 
ingly high incidence of thrombosis of veins of the 
lower extremities and of pulmonary infarction and 
fatal pulmonary emboli. When the percentage of 
necropsies is low, the incidence of venous thrombo- 
sis and pulmonary infarction and of fatal pul- 


From the Vicksburg Clinic, Vicksburg, Mississippi. Read by in- 
vitation before the Pike County Medical Society, August 3, 1944, 
at McComb, Mississippi. 
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monary emboli is correspondingly small. For the 
past 5 years I have been able to obtain necropsies 
in about 75 per cent of all fatal cases on my own 
surgical service, and I have observed—on more 
than one occasion to my amazement and chagrin 
—a relatively high incidence of pulmonary em- 
bolism and of antecedent venous thrombosis. My 
experience in this respect, I am sure, is not unique. 

Although there is no general agreement as to all 
the causes of venous thrombosis, certain causes 
are established, including (1) improper handling 
at operation of the viscera and their venous sup- 
ply; (2) confinement to bed, with consequent in- 
activity of the limbs, and, in turn, slowing of the 
circulation; (3) some alteration of the normal 
blood clotting time, the nature of which and the 
reasons for which remain to be elucidated. The 
complication is most often observed after surgery, 
particularly upon the pelvic organs, and pelvic 
infection, either antecedent to or subsequent to 
operation, unquestionably is an important cause. 
It should be emphasized, however, as the follow- 
ing cases illustrate, that a nonpelvic origin is not 
infrequent, and that surgery does not necessarily 
precede the development of pulmonary embolism. 


Case 1. M.J.H. (H-13-873), a negro woman 25 years of 
age, submitted to subtotal thyroidectomy for toxic nodular 
goiter November 2, 1943. She was discharged in good con- 
dition 7 days later, after an uneventful recovery. No ab- 
normalities were observed at the first postoperative 
examination, November 15, but at the second examination, 
November 24, swelling of the left lower extremity was 
noted, and by December 11 a clearcut thrombophlebitis 
had developed. Routine measures were instituted and 
were followed by complete recovery except for residual 
edema, which also disappeared after paravertebral block 
of the first to fourth left lumbar ganglia, inclusive, March 
3 and March 11, 1944. 

CasE 2. D.W.S. (H-14-622), a negro man 22 years of age, 
was first seen April 8, 1944, on the medical service of Dr. 
W. K. Purks. For the past month he had had a “head and 
chest cold,” with a cough, productive at night, and had lost 
14 pounds. Roentgenologic examination of the chest 
showed bilateral far advanced pulmonary tuberculosis, and 
examination of the sputum revealed acid fast bacilli. April 
19, while in the waiting room, the patient suddenly de- 
veloped cyanosis and dyspnea, passed into a state of shock 
and died 12 hours later, having failed to respond to all 
therapeutic measures. Necropsy confirmed the diagnosis of 
extensive bilateral pulmonary tuberculosis and revealed 
the immediate cause of death to be pulmonary embolism; 
it also revealed thrombosis of the right femoral vein and 
multiple pulmonary infarcts from previous emboli. 
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Thrombosis (whether the bland thrombosis of 
Homans or the phlebothrombosis of Ochsner) 
should be borne in mind as a possibility following 
any operative procedure and should be immedi- 
ately presumed to exist if several days following 
surgery there is unexpected or unexplained low- 
grade fever or if there is tenderness in the calf of 
the leg on dorsiflexion of the foot (Homans’ sign). 
These two phenomena are sufficient for diagnosis. 
Phlebography is not essential; it is sometimes use- 
ful, but it may be very unwise. 

When thrombosis or thrombophlebitis has been 
diagnosed or is seriously suspected, exploration of 
the femoral vein is a wise precaution. If pul- 
monary infarction has developed, it should be 
carried out without delay. Although a highly 
effective procedure, exposure and exploration of the 
femoral vein with removal of the clot by suction 
are minor in their scope, present no surgical 
hazards, give rise to no complications, and can be 
safely and quickly carried out, even on a very ill 
patient. 


DICUMAROL THERAPY 


With this plan of treatment, itself of fairly re- 
cent development, should be combined the ad- 
ministration of dicumarol controlled by daily 
determinations of the plasma prothrombin time. 
The effectiveness of these measures is illustrated 
in the following case report: 

Case 3. R. H., a white female 28 years of age, submitted 
to complete hysterectomy for uterine fibroleinomyomas 
and cervical erosion June 28, 1944. She was discharged in 
good condition July 10, after an uneventful recovery, but 
was rehospitalized July 13 because of pain in the upper 
third of the left thigh, just below Poupart’s ligament, asso- 
ciated with slight swelling and slight reddening of the skin 
over the affected area. The left femoral vein was imme- 
diately exposed and opened, a clot 8 inches in length was 
removed, and the vein was then ligated and divided. 
Dicumaral therapy, under laboratory control, was ad- 
ministered until July 21 and the patient was discharged 
the following day, completely recovered. 

Thrombosis of the veins of the lower extremities 
can be prevented in most cases by certain pre- 
cautions at operation and following operation. 
At operation all manipulations should be non- 
traumatic and there should be special regard for 
the venous supply. After operation active cir- 
culation should be maintained in the lower ex- 
tremities by keeping them warm, by the use of 
exercises, preferably with the bicycle apparatus, 
and, in older patients, by the application of snug 
fitting bandages. The prophylactic use of dicu- 
marol is also of value, as the following case report 
indicates: 


Case 4. Mrs. R. H. (H-15-021), a white female 39 years 
of age, submitted to total hysterectomy for uterine 


fibroleinomyomas July 21, 1944; prophylactic appendec- 
tomy was also performed. Because she was frankly fear- 
ful of pulmonary embolism, from which two close relatives 
had died following operation, dicumarol was given for 6 
days before operation, the day of operation, and for 3 days 
afterward. Recovery was completely uneventful. 

The case is somewhat similar to a case in 
Zucker’s series in which dicumarol was used 
prophylactically because the patient had a pre- 
vious history of thrombophlebitis in pregnancy, 
one sister had died of postpartum thrombophlebi- 
tis, and a second sister required amputation of a 
lower extremity for the same reason. 

The discovery by Schofield of the part played 
by spoiled sweet clover in the hemorrhagic dis- 
eases of cattle was followed by the isolation and 
synthesis of its active principle, dicoumarin, and 
by the prophylactic and therapeutic use of this 
principle under the commercial name dicumarol. 
Although reports in the literature are still few, 
there seems no doubt of the effectiveness of this 
anticoagulant. Barker and his associates from the 
Mayo Clinic, who tested it prophylactically over a 
3 year period, in 1943 published their results in 
497 cases. In 75 of these cases, on the basis of 
existing statistical data, thrombosis or embolism 
might have been expected to occur, and 24 
fatalities from embolism might have been ex- 
pected. These conditions, however, developed in 
only 4 instances, none of which terminated fatally. 
Zucker has recently reported 18 cases in which 
dicumarol was used therapeutically, including 9 
instances of thrombophlebitis of the lower ex- 
tremities and 2 instances of postoperative pul- 
monary infarction; all of the patients made un- 
complicated recoveries. 

The rationale of this form of therapy, reduced 
to somewhat oversimplified terms, may be stated 
as follows: Thrombosis and subsequent embolism, 
regardless of whatever other etiologic factors are 
involved, occur because the mechanism of blood 
clotting is too effective. The use of dicumarol is 
a deliberate attempt to reduce the efficiency of 
this mechanism to the lower limit of safety by the 
administration of an anticoagulant, under con- 
trolled conditions, over a certain period of time. 

The plan of therapy is to administer an initial 
dose of 200 to 300 milligrams of dicumarol, fol- 
lowed by daily doses of 100 milligrams as long as 
is necessary to maintain the plasma prothrombin 
time within 30 to 60 per cent of normal. Observa- 
tions at the Mayo Clinic by Hurn and her asso- 
ciates indicate that thrombosis will almost cer- 
tainly not occur if the prothrombin time is longer 
than 27 seconds and that bleeding is very unlikely 
to occur after the administration of dicumarol if 
the prothrombin time is less than 60 seconds. 
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Their policy is to use 35 seconds as an arbitrary 
standard; when the prothrombin time is longer 
than 35 seconds, dicumarol is administered, and 
when it is less, the drug is omitted 

Zucker calls attention to the importance of the 
tendency (slope of the plotted curve) of the 
plasma prothrombin time, which is equal to the 
importance of the absolute level. The time may 
be excessively and dangerously lengthened if an 
additional dose is given while the percentage of 
normal is decreasing, but there may be escape 
from the desired range if a dose is not given while 
it is increasing. 

Dicumarol for either prophylactic or thera- 
peutic purposes is absolutely contraindicated in 
purpuric disease of any type, in blood dyscrasias 
with a bleeding tendency, in renal insufficiency, 
and in hepatic disease, with which a prothrombin 
time deficiency is frequently associated. Even 
when these contraindications are observed, how- 
ever, bleeding is always a possibility. It occurred 
in 47 of the 497 cases reported by Barker and his 
associates, though in only 18 of these, in all of 
which it was readily controlled by transfusion, 
was it apparently related to the anticoagulant 
therapy. In Zucker’s series of 18 cases, 5 patients 
presented microscopic hematuria, in 1 instance 
associated with a petechial rash. In the latter 
case the rash developed while the prothrombin 
time was 18 per cent of normal, and in 3 of the 
other cases hematuria developed while the pro- 
thrombin time was less than 30 per cent of normal. 

The speed with which the prothrombin time 
may be extended to dangerous levels is well 
illustrated in a personal case: 


Case 5. C. O. S. (H-14-887), a white man 45 years of 
age, submitted to Bassini hernioplasty June 7, 1944, for 
repair of a large left indirect inguinal hernia. Recovery was 
smooth until June 25, when sudden collapse occurred, asso- 
ciated with severe precordial pain and profuse sweating. 
Although coronary occlusion was first considered as a possi- 
bility, the presence of a pleural friction rub, the electro- 
cardiographic data, and certain other evidence made a 
diagnosis of pulmonary infarction more reasonable, and 
dicumarol therapy was therefore begun with an initial 
dosage of 300 milligrams. On the following day 200 milli- 
grams was given, and 100 milligrams was given June 27. 
The patient’s plasma prothrombin time was 25 seconds 
(normal 15 seconds) June 26 and was 36 seconds (normal 
15 seconds) June 27. Although no further medication was 
administered, the plasma prothrombin time rose to 46 
seconds (normal 17 seconds) June 28, to 57 seconds (normal 
15 seconds) June 29, and to 1co seconds (normal 15 seconds) 
June 30, at 10 A.M. At 11:45 A. M. on this date 20 cubic 
centimeters (64 mgm.) of hykenone (synthetic vitamin K, 
Abbott) was given. By 2:00 p. M. the plasma prothrombin 
time had fallen to 45 seconds (normal 17 seconds) and 3 
hours later it had fallen to 30 seconds (norm&l 15 seconds). 

The day after the patient’s collapse indefinite edema of 
the left leg was demonstrated. On the following day edema 


was definite and was associated with tenderness over the 
course of the left femoral vein. The vein was exposed and 
incised June 28, a clot 4 inches in length was removed, and 
the vein was then ligated and divided. Recovery, after the 
correction of the dangerously prolonged prothrombin time, 
was uneventful, and the patient was discharged in good 
condition July 14, 1944. 

The speed with which the prothrombin time in 
this case rose to dangerous levels and the rate at 
which it continued to increase for 72 hours after 
the drug was discontinued suggest that the patient 
was particularly susceptible to dicumarol. The 
even greater speed with which it returned to a safe 
level after a single administration of synthetic 
vitamin K suggests that this method is probably 
even more effective than transfusion, which is 
usually advised. 

It should be noted that in this case the thrombo- 
phlebitis followed rather than preceded the de- 
velopment of pulmonary infarction, or, more 
correctly, became evident after the development 
of pulmonary infarction. It should also be noted 
that it became manifest while the patient was 
under treatment with dicumarol. Zucker, who 
recorded a somewhat similar instance, regards the 
development of the venous thrombosis under such 
circumstances as evidence of the safety of dicu- 
marol therapy, though it also, he believes, raises 
the question as to whether hypoprothrombinemia 
achieved by dicumarol is sufficient to inhibit 
intravascular clotting. 

Dicumarol therapy is potentially dangerous and 
the necessity of laboratory control by daily plasma 
prothrombin determinations cannot be over- 
emphasized. The possible risks are illustrated in 
the personal case just described (Case 5) and are 
more tragically illustrated in the fatal case re- 
ported by Shlevin and Lederer. Their patient, a 
white woman 79 years of age, was first seen 4 
weeks after she had been admitted to another 
institution for “thrombosis of the right retinal 
vein,” for which she was treated for 21 days with 
daily doses of too milligrams of dicumarol. Dur- 
ing this time no plasma prothrombin determina- 
tions were made, although the coagulation time 
was reported as 20 minutes. Dicumarol was dis- 
continued 4 days before the patient was first seen 
by Shlevin and Lederer, when bleeding from the 
gums had occurred. It had persisted, and had 
been associated for 3 days with hematuria. 

The patient was given 7 transfusions, after the 
first 3 of which oozing was temporarily controlled. 
The plasma prothrombin time, which was 60.6 
seconds (control 12.1 seconds) when the patient 
was first seen, rose to 360 seconds plus (control 13 
seconds) on the 8th day of hospitalization after 
the 4th transfusion, and was 84.4 seconds (control 
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12.8 seconds) when it was last determined. Acute 
left heart failure developed after the 2nd trans- 
fusion, and anuria on the 7th day was succeeded 
by incontinence, lethargy, and coma. Death oc- 
curred on the 14th day. At this time there were 
ecchymotic areas on shoulders, hips, legs and about 
the anus. The outstanding feature of the necropsy 
findings was marked engorgement of all blood 
vessels except the larger trunks; it was most pro- 
nounced in capillaries, arterioles, and venules. 
This case, apparently the first of the kind to be 
reported, carries its own lessons and makes clear 
that too many precautions cannot be taken while 
dicumarol therapy is being administered. For this 
reason it seems well to mention the recent warning 
by Hurn and her associates that thromboplastin is 
distinctly variable under certain conditions, and 
that each new batch, regardless of the similarity 
of preparation, should be checked since the results 
of the prothrombin time test depend to a great 
extent on the activity of this agent. As these 
workers point out, when the Quick test was first 
introduced, all information desired was whether 
or not the prothrombin time was prolonged. 
With dicumarol therapy, however, the patient’s 
safety depends upon knowledge of the exact 
amount of deficiency, hence the necessity of check- 
ing the activity of thromboplastin used in the test. 
On the whole, dicumarol is a more practical 
drug for general use than heparin, which was 
formerly the only effective anticoagulant avail- 
able. It can be given by mouth, whereas heparin 
must be given intravenously, which is always a 
disadvantage for the patient and which is often 
inconvenient in these days of shortages of hospital 
personnel. It is much cheaper than heparin which 
is almost prohibitively expensive for the majority 
of patients. It is also safer than heparin, in the 
opinion of some observers, because of its ap- 
parently low toxicity. On the other hand, dicu- 
marol requires from 24 to 36 hours to take effect, 
whereas heparin acts almost at once, which means 


that in a certain small proportion of cases heparin 
rather than dicumarol is the preferred drug. 


SUMMARY 


Pulmonary embolism is preceded in the great 
majority of cases by thrombosis of.the veins of the 
lower extremities, which can usually be prevented 
by the proper precautions at-operation and after- 
ward and which can be treated by removal of the 
clot from the femoral vein with subsequent liga- 
tion and division, supplemented by the ad- 
ministration of dicumarol. Dicumarol is also a 
valuable prophylactic measure. 

In spite of its effectiveness, dicumarol, the es- 
sential effect of which is to lengthen the clotting 
time, is a very dangerous agent which should 
never be employed without adequate control in 
the form of daily estimations of the plasma 
prothrombin time. 

If the plasma prothrombin time becomes 
dangerously lengthened, as may happen, even in 
properly controlled cases, in a subject especially 
susceptible to the drug, the administration of a 
vitamin K preparation or transfusion is indicated 
and seems promptly effective. 
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THE EFFECT OF DIHYDROTACHYSTEROL ON CERTAIN 
TOXEMIAS OF LATE PREGNANCY 


WALLACE SHUTE, Captain, R.C A.M.C., and EVAN SHUTE, B.A., M.B, F.R.C.S.C, 


London, Canada 


ROPHYLACTIC control of pregnancy 
toxemias in the last, dangerous trimester 
has proved a very complex problem. No 
treatment can be adequate, however 

ingenious, if it fails to eradicate their cause. Etio- 
logical exploration to date seems to have pro- 
gressed along four main approaches: (1) endo- 
crines, (2) placental toxins, (3) kidney factors, 
(4) chemical or organic poisons from other sources. 
Prophylaxis has not waited, however, for a com- 
pleted knowledge of etiology, and many workers 
have stressed the value of vitamins and better 
food in preventing toxemias or alleviating their 
symptoms. 

In 1910, Mitchell made the observation, on 
empirical grounds, that an inadequate comple- 
ment of calcium was a predisposing cause to the 
toxemias of pregnancy. Morel and Rathery found 
that a lowered detoxifying function of the liver 
followed parathyroidectomy and the resultant 
derangement of calcium metabolism. The liver, 
of course, is one of the principal sites of attack in 
eclampsia and other late toxemias of pregnancy. 

Lopez found in his toxemia series that prompt 
improvement followed injections of Collip’s para- 
thyroid extract, with diuresis and a decrease in 
blood pressure, edema and subjective symptoms 
ensuing. In none of these was there any signifi- 
cant coincident increase in the blood calcium level. 

Richardson reported complete symptomatic re- 
covery of two pre-eclamptics who were given para- 
thormone intramuscularly and calcium and vios- 
terol by mouth. Blood pressures of 150 and 160, 
respectively, dropped to normal level, and even a 
two plus albuminuria disappeared rapidly. 

Daly claimed similar dramatic results with the 
oral use of tablets containing a calcium salt, com- 
bined with the intravenous administration of a 
corresponding preparation. He made the inter- 
esting additional observation that only 11 per 
cent of his treated series were delivered prema- 
turely as against 63 per cent of the controls. 

J. C. Brougher reported a series of 88 toxemic 
patients occurring in a total of 1oco pregnancies. 
Of these, 34 had blood pressures of 150/100 and 
up, with varying degrees of ankle edema, al- 
buminuria, and definite toxemic symptoms. The 
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remaining 54 had pressures from 140 to 150, only 
slight ankle edema, and traces of albumin—no 
other toxic symptoms. Parathormone in 1 cubic 
centimeter doses was used to elevate the serum 
calcium. In each case diuresis occurred with 
prompt loss of edema, general weight loss, lower- 
ing of blood pressure, and a recession of toxic 
symptoms. 

Theobald treated 50 healthy women, less than 
6 months pregnant, with daily doses of 20 grains 
of calcium lactate as well as 11,000 international 
units of vitamin D. Only 7 of these developed 
hypertension, as against 17 in a group of 50 con- 
trols. 

Similarly Mendenhall and Drake found in a 
group of 188 women given calcium orally that 
toxemia developed only twice (1 per cent). Ina 
group of 230 controls fully 30 became toxic (13 
per cent). 

It has been shown (Albright and associates) 
that though parathormone increases phosphate 
excretion and mobilizes calcium, it does not aid in 
calcium absorption. Conversely, dihydrotachy- 
sterol (A.T. 10) plays an active réle in increasing 
calcium absorption from the gastrointestinal 
tract, although it is less effective than parathor- 
mone in promoting phosphate excretion. 

By means of blood estrogen estimations, we 
have found (12) that toxemic women fall into two 
main groups, namely: (1) those exhibiting a high 
blood estrogen level, characterized by either a 
tendency to abortion or miscarriage or abruptio 
placentae or premature labor; (2) a much smaller 
group with normal or low blood estrogen values, 
who, being true pre-eclamptics, may run almost 
the whole gauntlet of pregnancy very well, to all 
outward appearances, only at the end to fall over 
the precipice of convulsions. In the experience of 
the authors, women belonging to the first group 
very rarely convulse; the latter are always po- 
tentially capable of doing so. 

The great majority of the first or high estrogen 
group of toxemic women respond to vitamin E 
prophylaxis satisfactorily throughout pregnancy 
(11). A certain small percentage of them, how- 
ever, either do not respond perfectly at any time 
to such treatment or seem to escape from such 
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Fig. 1. Case 1. Mrs. R. B. 


control at the end. It was for the management of 
this refractory and difficult group that the treat- 
ment outlined in this paper, the use of calcium and 
dihydrotachysterol, was thought of by one of us 
(W.B.S.). 


DATA 


There were 42 patients in the group studied, of 
whom 38 were of the high estrogen type and a of 
the low estrogen or true pre-eclamptic group. Each 
of these patients was given orally a daily dose of 
20 to 30 grains of calcium gluconate or calcium 
diphosphate when the toxemia began to escape 
from vitamin E control. To promote maximum 
absorption of this calcium, dihydrotachysterol 
was given by mouth at the same time in the form 
of hytakerol (Winthrop). In the early cases blood 
calcium studies were performed repeatedly both 
before and during administration. However, it 
was soon discovered that with the doses given a 
qualitative urinary calcium estimation, using the 
Sulkowitch reagent (1), was quite adequate, and 
therefore the blood tests were demanded less fre- 
quently. 

The Sulkowitch reagent is made as follows: 
oxalic acid, 2.5 grams; ammonium oxalate, 2.5 
grams; glacial acetic acid, 5 cubic centimeters; 
distilled water, to 150 cubic centimeters. 

To test for urine calcium equal parts of the 
reagent and urine are mixed. If a milky reaction 
promptly follows, calcium is being excreted in 
excess. The mixture should be allowed to stand 


in order to recognize any sediment of calcium 
oxalate. In the doses we have used there has 
often been a cloudy mixture and some sediment, 
but never a really milky reaction indicating hyper- 
calcemia. 

CASE HISTORIES 


The details of a few illustrative cases are given 
here: 


SUMMARY OF RESULTS 



































Results 
Number 
Classification of aid | 
cases Muc or 7 
improved | Slightly | Failed 
High estrogen 38 16 6 | 16 
Low estrogen ; 
(true pre-eclampsia) 4 ° } ° 4 
Totals 42 16 | 6 20 








Case 1. Mrs. R. B. This woman, aged 23 years, had her 
last menstruation on September 15, 1943. She gave a his- 
tory of convulsive eclampsia with her other pregnancy 
which had ended, at 7 months, in a coma lasting 5 days. 
On February 10, 1944, when first seen, she had a blood 
pressure of 128/92, no edema nor albuminuria. Because her 
blood estrogen level was up she was at once given 10 milli- 
grams of ephynal per day. On March 2 her pressure had 
jumped to 140/104 and she was given 20 milligrams of 
ephynal and 15 grains of dicalcium phosphate henceforth. 
In a week’s time no improvement had ensued and therefore 
she was given % cubic centimeter of hytakerol per day as 
well. She now had a 2 plus albuminuria. By the 17th her 
pressure had jumped to 164/110, her albuminuria was 3 
plus, and she was admitted to hospital for observation. On 
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Fig. 2. Case 2. 


the 18th she was given 100 milligrams of ephynal per day, 
her pressure was 190/120, and her albuminuria was 1.0 
milligram per cent. On March 21, on 3 cubic centimeters of 
hytakerol and 50 milligrams of ephynal per day her blood 
pressure was 140/110 and her albuminuria had decreased 
to o.5 milligram per cent, where it remained. The Sulko- 
witch test was always negative. On the 23d her pressure 
was 128/98 and her albuminuria only a trace. She went 
home on the 27th. On March 31, her albuminuria was up 
again to 2 plus and her pressure to 146/106. On that same 
day she spontaneously ruptured the membranes and began 
labor. In an hour she delivered a boy weighing 5 pounds 
2 ounces. The placenta followed soon, showing rather com- 
plete red infarction, leaving only a 3 inch square area re- 
sembling normal placenta. On April 1 her pressure was 
152/112. On April 2 it was 122/90. On April 3 it was 
112/82. She ran a fever for 2 days but sulfathiazole quickly 
controlled it. She has been well since. 

CAsE 2. Mrs. J. F., a primigravida, aged 34 years. She 
was first seen September 22, 1942. Her last menstrual date 
had been May 26. Her urine was clear, her pressure 
120/76, her weight 118 pounds. As she had a positive blood 
estrogen she was at once given 10 milligrams of ephynal per 
day. Her blood pressure began to climb steadily despite 
increasing doses of ephynal. She developed very marked 
uterine tenderness, too, and was almost unable to walk by 
January 2, 1943, when her pressure was 160/94, and her 
weight was 138. She still had no edema nor albuminuria. 
Her blood calcium was 9.7 millimeters per cent. She was 
then given 15 milligrams of calcium gluconate and 2 cubic 
centimeters of hytakerol per day. She had had 100 milli- 
grams of ephynal per day for 3 weeks prior to this, and this 
dose was maintained. By the oth her pressure had dropped 
to 144/78, her weight had gone down half a pound and the 
hytakerol was cut to % cubic centimeter per day. On 
February 6 her pressure was only 126/82. On February 20 
her pressure had risen again to 160/100, and she was given 
1 cubic centimeter of hytakerol per day. Labor began 
spontaneously on February 27 with a pressure of 140/85 
and a trace of albuminuria. After an 8 hour labor a girl 
weighing 7 pounds 7 ounces was delivered by outlet forceps. 


Mrs. J. F. 


The placenta showed two white marginal infarcts about 114 
and 3 centimeters in diameter, respectively. She made an 
uneventful recovery. On May 6 a catheter urine showed a 
trace of albumin. On May 29 her pressure was 140/106 
when seen for an acute mastitis. She has remained well 
since. 

Case 3. Mrs. D. K. First pregnancy in a woman of 27 
years. Her last menses had begun on June 20, 1944. When 
first seen on September 1o her blood pressure was 140/90, 
and there was no albuminuria. As the blood estrogen was 
positive she was at once given ephynal. Despite 75 milli- 
grams per day the pressure had risen to 160/88 by Decem- 
ber 23. There was still no edema nor albuminuria. On 
February 8, as the situation was unchanged, 20 grains of 
calcium gluconate and 2 cubic centimeters per day of 
hytakerol were begun. On February 18 her pressure had 
fallen to 136/86. There was no edema nor albuminuria. 
However, her pressure began to rise again, and was 174/92 
with a very faint trace of albuminuria on March 13. Her 
urine never showed calcium excess. On the 15th she was 
induced, and an 8 pound girl was delivered in (?) hours. At 
that time her blood pressure was 124/70. On March 23 
there was a trace of albuminuria. On August 26 her pres- 
sure was 158/90. She has been well since. 

CasE 4. Mrs. W. B., aged 20 years, had her last period 
on November 10, 1943. It was her first pregnancy. When 
first seen on January 6, 1944, her pressure was 110/74, her 
urine clear and she had no edema. As her blood estrogen 
was positive she was given ephynal at once. By July 13 her 
pressure had risen to 138/88, there was some leg edema, she 
had a few uterine pains, and all this despite 4 capsules of 
mixed tocopherols(P.D.) per day. On August 3 there was a 
one plus albuminuria, her pressure had jumped to 146/106, 
there was much leg edema, moderate hydramnios, and 
therefore 20 grains of calcium gluconate and 3 cubic centi- 
meters of hytakerol per day were begun. Five days later 
her edema was unchanged, but her albuminuria was only a 
very faint trace and her pressure had fallen to 140/98. On 
the 12th the pressure was 124/90 but the albuminuria was 2 
plus. She went into labor spontaneously on that day and 
in 6 hours delivered a girl weighing 9 pounds 9 ounces. She 
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Fig. 4. Case 4. 


had an uneventful recovery. On September 29, 1944 her 
blood pressure was 118/90. She has been well since. 
Case 5. Mrs. A. J. H., aged 31 years, had had two un- 
explained stillbirths at term. She wanted another child but 
her husband’s sperm sample was very defective in both 
number and morphology. This semen was greatly im- 
proved by ephynal(14) and she promptly conceived. Her 
last period began on October 20, 1943. When first seen on 
November 30 she had a pressure of 166/108, although she 
had no albuminuria nor edema. Her blood estrogen being 
positive, she was put on a large dose of ephynal at once, and 
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by December 11 the blood pressure had fallen to 156/88 
Then she began to bleed slightly. Her ephynal dose was in- 
creased and the hemorrhage ceased. On February 12 her 
pressure had risen to 166/106. Therefore, her ephynal 
dosage was raised to 75 milligrams. Six days later her pres- 
sure was 134/96 and the urine was clear. On May 5s her 
blood pressure was 150/92, there was some leg edema, her 
urine was clear, and 2 cubic centimeters of hytakerol and 
20 grains per day of calcium gluconate were begun. By 
June 1 her pressure had fallen to 144/84. On July 11 it was 
146/90 with moderate leg edema and no albuminuria. Labor 























wo 


lood pressure 


SHUTE: DIHYDROTACHYSTEROL IN TOXEMIAS OF LATE PREGNANCY 








Delivery 












































Ep wail 
\ f 7 | 
‘ i \ 
a of _--@---@ \ Toxemia level diasto a ps 
AL > T rt ag ~ ¢ ~~ a 
@----@------e" Pane” . 
Week Dec 05 Jan 45 Feb 19 Ma 935 Aor 975 May 9 June 24 July 40 
pregnoncy : . 
Fig. 5. Case 5. Mrs. A. J. H. 
Blood pressure 
Delivery 
Hytakerol begun 
Ya €.€ 
1 cc 
150 | 
Toxemia level systolic Fat A 
130% | | \ 
Ephynal { 
110P 25 mgm. _ Ephynal Ephynal  Ephynal 
20 mgm 30 mgm 75 mgm 
90 Toxemia level diastolic eg \ A 
0 a se ¥ 
ie r 
gt gee we 
ot e ta ° 
0 ' t + — ' + 
ae 10 Dec 14.520" 19 Feb 93 Mar 97 .* 1 , Moy 36 June 40 July 


pregnancy 


Fig. 6. Case 6. Mrs. R. L. 


was induced on August 5 when her pressure was 146/96. 
A boy weighing 8 pounds 11 ounces was born in 8 hours. 
September 22, 1944, mother’s blood pressure was 150/100, 
on January 6, 1945, 154/102. She has been well otherwise. 

Case 6. Mrs. R. L., aged 33 years, had her last menstru- 
ation on September 31, 1942. Previously she had had one 
toxic pregnancy, then two spontaneous abortions. When 
first seen on December 26, 1942 her blood pressure was 
138/76, her urine was clear, she had no edema, but she was 
compelled to wear a pessary for uterine prolapse. As her 
blood estrogen was up she was given 10 milligrams of 





ephynal per day May 16 her pressure had risen to 134/90 
despite 75 milligrams of ephynal per day. Her urine was 
clear and there was no edema. Twelve days later, on 100 
milligrams, she showed 144/100, but still had no edema nor 
albuminuria. She was thenceforth given % cubic centi- 
meter of hytakerol per day as well as 20 grains of calcium 
gluconate. A week later her pressure had fallen to 118/84. 
On June 19 the pressure rose suddenly to 150/96, there was 
minimal leg edema, but her urine was clear of calcium and 
albuminuria. The dose of hytakerol was doubled. In a 
week the pressure was down to 130/88. She was induced 
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Fig. 7. Case 7. Mrs. J. W. 
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Fig. 8. Case 8. Mrs. W. S. 


medically on July 8 and had an easy delivery in 2 hours of 
a girl weighing 7 pounds 12 ounces. The placenta was nor- 
mal. Her blood calcium as labor began was 10.0 milli- 
grams per cent. She has been normal since. 

Case 7. Mrs. J. W., aged 30 years, had a boy 5 years old 
and seemed unable to have another child. A lipiodol test 
showed complete bilateral tubal occlusion—but she con- 
ceived immediately! Her last period began on October 6, 
1942, and when seen December 7 she had a pressure of 
120/80, no edema or albuminuria, but did have slight, 
uterine distress. Because of this she was at once put on 20 


milligrams of ephynal per day. As her pains continued this 
dose was gradually increased. On June 22 her pressure had 
risen to 140/90, with no edema, despite 150 milligrams of 
ephynal per day. She was therefore given 4 cubic centi- 
meter of hytakerol and calcium gluconate grains 20 per 
day. In 7 days her pressure had dropped to 124/88 and her 
urine was clear. A week later her pressure was 122/90. On 
July 17 spontaneous labor delivered a normal girl of 7 
pounds 8 ounces after a very easy labor of 2 hours. The 
placenta was normal. On October 16, 1943, her blood 
pressure was 98/70. She has been well since. 
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Fig. 10. Case 10. Mrs. W. S. 


CasE 8. Mrs. W. S. aged 22 years, had her last menses on 
December 14, 1943. It was her first pregnancy. When ° 
first seen on February 3, 1944, she had a pressure of 118/76, 
no edema or albuminuria. As her blood estrogen level was up 
and she had had uterine pains she was given one capsule of 
mixed tocopherols(P. D.) per day. This was soon increased 
to 2 capsules per day, but after neglecting for a week to 
take any vitamin E she bled on June 30. However, vitamin 
E stopped this quickly. Suddenly on August 8 she exhibited 
a pressure of 130/100 and much leg edema, although her 
urine was clear. She was given 100 milligrams of ephynal 


per day thereafter with no obvious benefit. Therefore on 
August 10 she was given 4 cubic centimeters of hytakerol 
and 20 grains of calcium gluconate per day. In 5 days her 
pressure had fallen to 148/92. There was less edema but 
she showed a one plus albuminuria. The urine was negative 
for calcium. On August 22 labor began spontaneously, and 
she delivered a 5 pound 9 ounce boy in an hour. She had a 
blood pressure of 118/o at this time, and catheter urine 
showed only a trace of albumin. Her blood pressure on 
August 24 was 130/70. Her condition has been normal 
since that time. 
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Fig. 11. Case, rr. Mrs. D. B. 


Case 9. Mrs. A. J., aged 22 years, was first seen on 
February 2, 1943. She had had one normal pregnancy be- 
fore. Her last period had begun September 17, 1942. At 
her first visit she had a pressure of 120/70, no edema or 
albuminuria. As her blood estrogen level was up she was at 
once given 10 milligrams of ephynal per day. She spotted 
blood on May 28. The daily dose was raised to 30 milli- 
grams and bleeding promptly ceased. Despite this dosage 
the pressure suddenly jumped to 150/100 by June 8 with 
moderate leg edema and 3 plus albuminuria. Seventy-five 
milligrams of ephynal daily reduced the pressure to 
120/86 in 7 days, cleared the urine, and decreased the 
edema. However, in another week the pressure was back 
to 142/94 and the edema was worse. Accordingly she was 
given % cubic centimeter of hytakerol and 20 grains of 
calcium gluconate per day. In 5 days her pressure had 
further risen to 170/106, but there was less edema and the 
urine was clear. Her dose of hytakerol was raised to 2 
cubic centimeters and next day on admission to hospital for 
observation her pressure had dropped to 130/90. Her blood 
calcium then was 9.0 milligrams per cent. A medical induc- 
tion brought on poor pains for a couple of days, but on the 
27th of June a midforceps delivered a boy weighing 7 
pounds 3 ounces after a 36 hour labor. Eight weeks later 
her pressure was 136/98. Later, on September 25, 1943, it 
was 136/706. 

Case 10. Mrs. W.S. This patient, aged 31 years, had 
had three previous term deliveries. The first was a normal 
child, the last two were monsters. Her diabetic husband’s 
temporary sterility had been promptly corrected with vita- 
min E, and she became pregnant at once. Her last period 
began March 13, 1944. At her first visit, 5 weeks later, her 
blood pressure was 120/98, her weight 175, and her urine 
was clear. Because of a high blood estrogen, she was given 
one mixed tocopherol capsule per day. Moderate vomiting 
developed and responded to testosterone propionate (13). 
Her pressure during the third month rose gradually to 
140/100, then suddenly rose to 164/116 on August 4, 1944. 
Thenceforth she was given 100 milligrams ephynal daily, 
with an initial drop of blood pressure to 150/90 occurring 


after 4 days. Thereupon 3 cubic centimeters of hytakerol and 
20 grains of calcium gluconate daily were also administered 
with a further rapid fall to 136/76 ensuing, and less edema. 
The hytakerol dosage was then decreased to 2 cubic centi- 
meters daily and the pressure continued on an even level 
until it again rose suddenly 6 weeks later to 160/96, with 
a marked increase in weight. No edema was obvious, how- 
ever, and her urine continued clear of albumin. During the 
subsequent 2 months, in spite of 100 milligrams of ephynal 
daily, the patient continued to gain weight rapidly, main- 
taining an almost constant blood pressure, varying between 
150/96 and 166/100. Her urine remained negative, except 
for an occasional trace of albumin. On November 29 her 
blood calcium was 9.0 milligrams per cent. Following a 
medical induction of labor on December 19, 1944, she was 
delivered of a baby girl weighing 7 pounds 14 ounces. The 
placenta appeared normal. Her pressure during labor was 
150/100, and when she left the hospital it was 130/88. 

Case 11. Mrs. D. B., aged 32 years. This first preg- 
nancy was dated from January 27, 1944. At that time her 
urine was clear, her blood pressure 126/72, and her blood 
estrogen test positive. She was accordingly given 10 milli- 
grams of ephynal per day. On September 10 she spotted 
blood. Her dose of vitamin E was accordingly raised to 20 
milligrams and the bleeding ceased promptly. On October 
19 ankle edema developed and her blood pressure jumped 
to 146/98. She developed a sensitivity to ephynal and could 
take only a decreased dose thereafter. It was reinforced 
with 1 cubic centimeter of hytakerol per day, and 20 grains 
of calcium diphosphate therefore. No changes ensued. 
Hence the dose of hytakerol was increased to 3 cubic centi- 
meters per day and the pressure promptly fell to 130/80 
with decrease of edema. The Sulkowitch test on the urine 
was negative and remained so. There was no edema on 
November o, and her pressure was 122/90, but there was a 
trace of albumin in the urine. Two days later labor began 
spontaneously but her pains were weak. Her membranes 
were artificially ruptured and then her labor proceeded 
normally with delivery of a normal girl weighing 7 pounds, 
5 ounces. She has been well since. 
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Fig. 12. Case 


CAsE 12. Mrs. E., aged 39 years, had delivered a mac- 
erated premature fetus in a previous toxic pregnancy. 
When first seen on April 24, 1944 she was 10 days overdue 
and having uterine pains. She was given 20 milligrams of 
ephynal per day, therefor. She spotted blood for a week 
early in May. On May 22 her blood pressure was 140/100, 
her urine clear, and she had no edema. Her blood estrogen 
was positive, and her dosage of ephynal was raised to 30 
milligrams. On June 12 she had a slight bloody show with 
cramps, but her blood pressure was 150/94. She spotted 
again late in June and her vitamin E was then increased to 
40 milligrams per day, her pressure then being 140/88. 
She bled slightly July 18 and her dose was then raised to 
50 milligrams of ephynal. On September 1 her pressure was 
144/86, there was no edema or albuminuria. Her dose of 
vitamin E was raised to 100 milligrams per day. On 
October 30 her pressure was back to 146/100, and she had 
slight bleeding but no edema. On November 20 her pres- 
sure was 152/96, she had no edema, and she was given 1% 
cubic centimeters of hytakerol per day. On the 27th the 
pressure had fallen to 148/90. On December 8 it had risen 
again to 162/92, there was a minimal edema, no albuminu- 
ria, and she was admitted to hospital for observation and 
bed rest. On the oth per pressure was 136/74 and on the 
12th it was 126/78. She was delivered on December 13 of a 
normal male child weighing 7 pounds 13 ounces. On 
December 15 her blood calcium was 10.5 milligrams per 
cent. She has been normal since. 


DISCUSSION 


In this group of 42 refractory toxemia patients 
studied over the past 2 years, 16 or 38 per cent 
showed definite benefit on combined calcium and 
dihydrotachysterol administration, 14 per cent 
showed a slight or transient benefit, and 48 per 
cent were unimproved. The improvement was 
most evident in blood pressure but even a de- 
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crease of albuminuria and edema occasionally was 
noticed. 

In the earlier cases of the series, dihydrotachy- 
sterol was given with extreme caution in an at- 
tempt to achieve the optimum level of blood cal- 
cium without elevating it dangerously. When 
small doses were thus used the improvement ob- 
tained was neither as immediate or decisive as in 
later patients of the group who were treated with 
larger amounts. In no instance, even when our 
highest dosage was employed, namely 5 cubic 
centimeters per day, did untoward symptoms de- 
velop. The maximum quantity of the synthetic 
hormone used was, it should be noted, consider- 
ably below that recommended for replacement 
therapy in the hypoparathyroid state. No cumu- 
lative effects were observed. 

The advantages of the use of dihydrotachy- 
sterol in the pregnant woman are manifest. Its 
ability to increase the absorption and utilization 
of exogenous calcium spares the already menaced 
endogenous supply available in the bones and 
teeth. Hence it provides in these critical cases a 
much safer and more physiologic mode of therapy 
than the use of parathormone. 

Most observers, employing calcium or para- 
thormone or both in pregnant women, have re- 
marked on the astonishing uniformity of blood 
calcium values during treatment, even with large 
doses of the hormone. It would appear that in 
normal and near-normal individuals, so stabilized 
is the equilibrium between conjugated and ionized 
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calcium, that to produce an elevation in blood 
calcium, an exceptional dosage is required. More- 
over, as Klatskin points out, any excess of calcium 
or of phosphorus absorbed is excreted so rapidly 
that transitory variations in blood calcium level 
are rapidly leveled off. Reed states categorically 
that there need be little apprehension, for exam- 
ple, about administering amounts of parathor- 
mone up to 150,000 international units for in- 
definite periods of time. 

How then does dihydrotachysterol combined 
with calcium affect the toxemias of late preg- 
nancy? From the aforementioned findings, it ap- 
pears that it leaves true pre-eclamptics clinically 
unchanged and benefits only some toxemic pa- 
tients of the high estrogen group. Most women in 
this latter group respond fairly satisfactorily to 
the action of vitamin E, as we have shown else- 
where(15). But dihydrotachysterol is of great 
value in that important small fraction of the high 
estrogen late toxemias incompletely controlled in 
this manner by means of vitamin E. 

No attempt is made at this time to explain the 
underlying mechanism of combined dihydrotachy- 
sterol and calcium therapy in the toxemias. 

Its principle impact seems to be directed mainly 
upon the pressor factor. At least this treatment 
should be safer than parathormone in controlling 
the calcium factor in late pregnancy toxemias. 


SUMMARY 


1. The effect of combined dihydrotachysterol 
and calcium therapy is demonstrated on a series 
of 42 toxemias. 

2. This therapy did not improve 4 true pre- 
eclamptics but definitely helped 42 per cent of 38 
late toxemias of the high estrogen type which had 
not been controlled by vitamin E. 


3. This differential response lends further sup- 
port to our previous classification of the late 
toxemias. 

4. This therapy appears to be most effective in 
lowering blood pressure, and less in the control of 
edema and albuminuria. 

5. Variations in blood calcium level were small 
in this series, but the dose of dihydrotachysterol 
used was never more than 5 cubic centimeters per 
day. 

6. This dosage is considerably below the level 
of replacement therapy in hypoparathyroidism 
and produced no toxic effects. 

7. The use of dihydrotachysterol would appear 
to be a more physiologic and hence safer method 
of increasing calcium utilization in toxemic women 
than the administration of parathormone. 

8. No explanation of the mode of action of this 
treatment is offered. 
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“EARLY RISING,” FOLLOWING MAJOR SURGICAL 
OPERATIONS 


PAUL W. SCHAFER, M_D., and LESTER R. DRAGSTEDT, 


" ARLY rising” of patients after major 
operative procedures has, since the en- 
thusiastic report of its first advocate in 
1899 (4), attracted the attention of 

many surgeons. A recent review by Newburger 

adequately summarizes their observations. Inter- 
estingly enough, those who have given this princi- 
ple an extensive trial have, almost uniformly, been 
favorably impressed and many have loudly ac- 
claimed its virtues. In general, critics of the 
practice have self-admittedly had little experience 

with it and have based their criticism on one or a 

few unfortunate complications which may or may 

not have been justifiably attributed to early ris- 
ing. In spite of the fact that the medical litera- 
ture, mainly European, contains reports of many 
thousands of favorable cases it is only in the past 
few years that any significant amount of attention 
has been given the subject in this country. This 
seeming paradox exists because early rising of 
patients after operation is the exact contradiction 
of one of the most deeply rooted principles of 
patient care. Early rising of patients with early 
and rapidly increasing ambulation together with 
coughing and breathing routines is not here being 
advocated as a substitute for, but as an adjunct to, 
the generally accepted and proven features of 
surgical technique and preoperative and post- 
operative care. Indeed, early rising is now possi- 
ble only because of improvement in surgical 
technique with gentle handling of tissues, ac- 
curate reconstruction of wounds, strict asepsis and 
antisepsis, adequate general and local pre- 
operative preparation, good anesthesia, prophy- 
lactic and definitive decompression of the stomach 
and intestines, restoration and maintenance of 
fluid balance and recognition of the importance of 
blood and plasma loss which must be replaced by 
adequate transfusion. Undoubtedly, in the past, 
attempts at early rising and ambulation of pa- 
tients occasionally met with failure because the 
care of the patient was otherwise inadequate. 

It was with considerable hesitation that we 
began to test the principle on patients who had 
had some of the larger surgical procedures. 


From the Department of Surgery of the University of Chicago. 
Aided in part by a grant from the Douglas Smith Foundation. 
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M.D., Chicago, Illinois 


The first case was that of a 68 year old female with a 
large carcinoma of the hepatic flexure of the colon. After 
adequate preoperative hydration and blood transfusion the 
patient was explored through a long right paramedian in- 
cision. The tumor mass was found to be firmly adherent 
to the duodenum and the head of the pancreas but, since 
all of the visible tumor was in continuity and no remote 
metastases were seen, a resection was done. This neces- 
sitated an en bloc removal of the right colon, all of the 
duodenum, part of the stomach and the head, neck, and 
part of the body of the pancreas. Reconstruction consisted 
of an ileotransverse colostomy, cholecystjejunostomy, and 
gastrojejunostomy. The abdomen was closed without 
drainage. The operation was carried out under continuous 
spinal anesthesia and lasted 4 hours. Blood and saline were 
administered throughout the operation. Continuous 
Wangensteen suction of the stomach was begun im- 
mediately after operation and was continued for 48 hours. 
The patient’s general condition remained good but on the 
day following operation the posterior lung fields at the base 
were dull, breath sounds were suppressed, and rales were 
present. Respiration was of poor character. It was felt 
that the patient would likely develop a serious pulmonary 
complication if the ordinary regimen was followed so, on 
the second postoperative day, she was removed from the 
bed and allowed to stand on the floor and to sit in a chair 
for 15 minutes. Coughing and deep breathing were en- 
couraged. Her cough was productive of a limited amount 
of white, frothy mucus, and examination of the lung fields 
revealed full aeration with disappearance of the basal rales. 
Respirations were of greatly improved quality. Rapidly 
the patient’s time away from the bed was increased and by 
the sixth day she took twice daily strolls up and down the 
corridor. Her maximum temperature elevation was 100.8 
degrees F., and was recorded on the third postoperative 
day. By the fifth day her temperature was normal and 
remained so until the time of discharge from the hospital 
20 days after operation. This long hospital stay resulted 
more from the interest of the staff than from the require- 
ments of the patient. 


Soon after this favorable experience more and 
more patients were subjected to the same routine. 
Since enthusiasm mounted, within 2 months all 
patients on the service were out of bed on the 
second postoperative day. The 102 cases sum- 
marized in Table I represent the basis for this 
report. 

As may be seen in Table I, the series includes 
most of the usual general surgical operations. It 
is made up of patients who, without selection, 
presented themselves for surgical care from 
February to September, 1944. Since October 1, 
1944 many more patients have experienced early 
rising but are not included in this communication. 
The general management of these patients and 
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TABLE I.—SUMMARY OF POSTOPERATIVE OBSERVATIONS ON PATIENTS EXPERIENCING 
“EARLY RISING” FROM FEBRUARY TO SEPTEMBER, 1944 
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specific surgical techniques were in no way altered 
with the institution of this program. Abdomens 
were operated on through a variety of incisions 
with oblique and transverse approaches being 
most commonly used. All peritoneal sutures were 
of a continuous type, usually a double strand of 
either No. 00 or No. o chromic gut being used. 
Closure of the fascia was usually made with a 
continuous suture of either No. oo or No. o 
chromic gut re-enforced with interrupted sutures 
of No. o chromic gut placed 2 to 3 centimeters 
apart. Interrupted No. ooo plain gut sutures 
were used for the subcutaneous fat and continuous 
black silk for the skin. A gridiron incision was 
routinely used for appendectomy. Hernia repair 
followed the general pattern just indicated. No 
abdominal support was routinely used although 
in cases which were likely to require frequent 


dressing, an adhesive type corset was employed. 
Early rising was begun at some time during the 
first or second postoperative day and rapidly 
increased thereafter. 

It is difficult to convey the extremely favorable 
impression which has been made on us by this 
radical departure from a firmly entrenched 
routine of postoperative care. This difficulty lies 
chiefly in the fact that the benefits which result 
are of a nature which do not easily lend them- 
selves to conversion into letters, numbers or 


symbols, which may be charted or made into 
graphs, and a general description is an inadequate 
substitute for the experience of observing these 
patients. They possess an excellent morale which 
improves day by day as they are freed from the 
burden of apprehension, fear and imagined com- 
plications which are so apt to beset a person not 
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familiar with the ways of medical practice. Be- 
cause of early exercise the marked weakness felt 
by the patient who leaves his bed on the tenth or 
twelfth postoperative day is greatly minimized. 
Early rising allows the patient to take over the 
management of his own personal hygiene at an 
early period and thus greatly reduces his nursing 
requirements. In this series, patients have not 
been discharged from the hospital as early as their 
condition would have permitted since an op- 
portunity to observe them closely was desired. 
However, their hospital stay can be materially 
shortened as a result of early rising. This repre- 
sent a financial saving to the patient and because 
of the more rapid turnover, allows hospital care 
for a larger number of patients with existing 
hospital facilities. 

Probably the most important result of early 
rising is the prevention of many minor and major 
pathological pulmonary changes. Following op- 
erations within the abdomen, especially pro- 
cedures in the upper abdomen, and as a result of 
maintenance of the horizontal position, the dia- 
phragm is reflexly inhibited and assumes an ab- 
normally high position. This factor results in 
basal pulmonary atelectasis with all of its haz- 
ardous potentialities. Clinically, this condition is 
evidenced by shallow, rapid respirations, in- 
creased pulse rate, basal suppression of breath 
sounds, dullness, and rales. These changes have 
been observed so constantly in the first few post- 
operative days that they have become accepted 
as the normal postoperative course and all 
surgeons are familiar with the postoperative 
“hump” in the 7PR curve. Leithauser has 
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Graph 2. Cholecystectomy. Comparison of the average 
postoperative temperature record of a group of “early 
rising” patients with those of the bed confined patients of 
four other general surgical services. The solid black line 
enclosing the shaded area of the graph represents the aver- 
age postoperative temperature record of the “early rising” 
patients. 
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DAYS POSTOPERATIVE 

Graph 1. Right colectomy. Comparison of the average 

postoperative temperature record of a group of “early 

rising” patients with those of the bed confined patients of 

four other general surgical services. The solid black line 

enclosing the shaded area of the graph represents the aver- 

age postoperative temperature record of the “early rising” 
patients. 


shown that with early rising the vital capacity 
returns to normal in half the time required by the 
bed-confined postoperative patient (1). 

In this study the problem was approached by 
a comparison of the postoperative temperature 
records of early rising patients with those of bed 
confined patients. Forty early rising patient’s 
records were compared with those of one hundred 
bed confined patients cared for by the four other 
general surgical services of the clinics. The re- 
sults may be seen in the accompanying graphs 
(Figs. 1 through 5). In practically every instance 
the early rising patients had a lower maximum 
temperature elevation and resumed a normal 
temperature level sooner than did the bed con- 
fined patients. Clinically this freedom from pro- 
longed fever was closely correlated with improve- 
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DAYS POSTOPERATIVE 


Graph 3. Inguinal herniotomy. Comparison of the av- 
erage postoperative temperature record of a group of “early 
rising” patients with those of the bed confined patients of 
-our other general surgical services. The solid black line 
-nclosing the shaded area of the graph represents the 
..verage postoperative temperature record of the “early 
..sing”’ patients. 
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Graph 4. Gastrojejunostomy. Comparison of the aver- 
age postoperative temperature record of a group of “early 
rising’ patients with those of the bed confined patients of 
two other general surgical services. The solid black line 
enclosing the shaded area of the graph represents the aver- 
age postoperative temperature record of the “early rising” 
patients. 


ment in the character of respiration. Others have 
claimed for this routine a lessened incidence of 
thrombophlebitis, phlebothrombosis and embo- 
lism (2) but since these complications are relative- 
ly rare in this area, no valid information can be 
obtained from this series in which none of these 
complications was observed. It may be that early 
rising would represent an adjunct to or, possibly a 
substitute for, vein ligation which is practiced in 
the Atlantic and Gulf seaboard states in which 
localities these complications are common. 

Almost the only consistent criticism of early 
rising is that it might mechanically damage the 
wound and result in delayed healing, post- 
operative herniation or dehiscence. From ob- 
servations made on these 103 patients there is no 
basis for such criticism. In the entire series only 
four significant complications have been en- 
countered. Two were fatalities and two were late 
herniations, and in no case is there good evidence 
that the same complications would not have oc- 
curred if early rising had not been carried out. No 
significant pulmonary complication occurred in 
any one of the 103 cases. 


CasE1. D.V., a 73 year old male, underwent a combined 
abdominoperineal resection of the rectum for carcinoma on 
September 22, 1944, the sigmoid colostomy being es- 
tablished in the center of the low left paramedian incision. 
He had marked postoperative distention and respiratory 
distress and was intermittently irrational. Management 
was extremely difficult. He was helped out of bed on his 
second postoperative day and the early rising program con- 
tinued from this time. His respiration was moderately im- 
proved and he was afebrile by the third day but his dis- 
tention persisted and the colostomy did not function. On 
the morning of the fifth day he became restless and pulled 
out his gastric suction tube. During replacement of the 
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Graph 5. Partial gastrectomy. Comparison of the aver- 
age postoperative temperature record of a group of “early 
rising” patients with those of the bed confined patients of 
four other general surgical services. The solid black line 
enclosing the shaded area of the graph represents the 
average postoperative temperature record of the “early 
rising” patients. 


tube by the interne the patient coughed violently and ex- 
perienced severe pain in the abdominal wound. Examina- 
tion revealed that a disruption had occurred in the superior 
portion of the incision. Within the hour the wound was 
re-sutured. His condition rapidly deteriorated. His ileus 
persisted, the distention increased, he became more febrile, 
weaker, and finally died 3 days after breakdown of his 
wound. Postmortem examination revealed a generalized 
peritonitis. What effect early rising had on the wound 
dehiscence and eventual death is problematical since the 
same complications have been observed in bed confined 
patients under similar circumstances. However, this 
wound, containing a colostomy, was not mechanically as 
strong as if it had been completely closed and the colostomy 
brought out through a separate incision. 

CasE 2. B.H., a 45 year old female, entered the hospital 
June 8, 10944, complaining of nausea and vomiting con- 
tinuously for the previous 4 days. On physical examination 
the patient was found to be in shock with marked carpo- 
pedal spasm. She gave a history of having had a carcinoma 
of the descending colon resected in March, 1943. The 
clinical impression was that she had alkalosis with tetany 
due to vomiting caused by obstruction of the duodenum or 
stomach as a result of probable recurrence of carcinoma. 
Because of persistent obstruction and, after what seemed 
to be adequate preparation, she was operated on June 26. 
A large retroperitoneal recurrence was found to be ob- 
structing the duodenum so an anterior gastroenterostomy 
was performed. Her early postoperative course was un- 
eventful and early rising was begun on the second post- 
operative day and continued. The patient was afebrile by 
the afternoon of the third day. During the night of the 
fourth day and again on the morning of the fifth post- 
operative day, without warning and while lying quietly in 
bed, the patient experienced sudden attacks characterized 
by cessation of respiration, cyanosis, and coma. On ex- 
amination no pulse could be palpated. With the first attack 
oxygen was administered and she soon recovered com- 
pletely but with the second attack death quickly occurred. 
Postmortem examination was not permitted. Clinically 
she was felt to have had a Stokes-Adams syndrome and 
again its relation to early rising is a matter for conjecture. 

CASES 3 AND 4. All of the patients in the series have been 
closely observed for the late development of hernias. To 
date this complication has occurred twice. Both of the 
patients were men operated on in July 1944, and in each 
case the first sign of herniation was observed in the fourth 
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postoperative month. One of the patients had a cho- 
lecystectomy through a high right oblique incision and the 
other had a subtotal gastrectomy through a long upper Jeft 
oblique incision. In the former a drain was brought to the 
outside through the line of incision and in the latter a 
localized superficial wound infection developed. Hernia- 
tion in each case was at the site of local weakness in the 
wound, 
SUMMARY 


In summary, the early rising of 103 general 
surgical patients has been observed and has re- 
sulted in a uniformly favorable impression of the 
practice. Improvement in the general well-being 
of these patients over that of bed confined pa- 
tients has been discussed. With early rising there 
is improved morale, avoidance of asthenia, more 
patient self-care and less nursing care, less finan- 
cial loss to the patient because of shorter hospital- 
ization and earlier rehabilitation, and, because of 


more rapid turnover, more patients can be cared 
for with existing hospital facilities and personnel. 
Early rising patients have been shown to have a 
lower postoperative fever of shorter duration than 
the bed confined patients of four other general 
surgical services. This factor in our opinion is 
closely related to observed improvement in 
respiration. The record of complications pre- 
sented here compares favorably with the number 
of complications observed in a similar group of 
bed confined patients. 
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HIS issue marks the beginning of the 

forty-first year of SURGERY, GYNE- 

COLOGY AND OBSTETRICS founded in 
1905 by Franklin H. Martin. It was his con- 
viction that there was a real need for a surgi- 
cal journal which should appeal to practical 
surgeons, to be edited by active surgeons, the 
profits from which should be utilized in 
strengthening its worth and influence. 

He was aided by a small group of young sur- 
geons who had been intimately associated 
with him in the course of their surgical train- 
ing, by Mr. T. E. Donnelley, of R. R. Don- 
nelley & Sons Company, a friend of long 
standing, and a nucleus of men and women 
who have loyally and conscientiously carried 
out the many-sided tasks of great magnitude 
which are so vital to the success of such a pub- 
lishing venture. The unfailing interest and 
enthusiasm of this original group who be- 
lieved in Dr. Martin’s dream, and their stead- 
fast devotion to the ideal of creating a surgical 
journal second to none, which was firm within 


the heart of each of them, are responsible for 
the success of SURGERY, GYNECOLOGY AND 
OsstEetrics. The direction of its business 
affairs, the assembling and composition of the 
material presented, the quality of its typog- 
raphy and reproductions, the conduct of the 
daily affairs of this journal have all repre- 
sented throughout these years the contribu- 
tions of the personalities chosen to carry out 
these many activities. It has been their gifts 
throughout the years which have made of this 
journal more than an ordinary commercial 
enterprise. 

The editorial policy from the first was cre- 
ated and carried out by Allen B. Kanavel 
whose idea it was that the journal should con- 
stitute a forum wherein the ideas and accom- 
plishments of men in the surgical world could 
be presented without any imposition whatever 
of the beliefs or opinions of the editors. The 
journal vouched for the honesty and sincerity 
of the authors whose work it published but left 
for its readers and time to establish the cor- 
rectness of their views. All editorial comments 
and book reviews have always been published 
over the signature of the author upon the 
basic principle that the reader has a right to 
know the source and may assume that what 
he reads is a well-considered statement of 
opinion. 

With Mrs. Martin’s death, the direction of 
SURGERY, GYNECOLOGY AND OBSTETRICS 
passed into the hands of the Board of Regents 
of the American College of Surgeons, another 
of her husband’s contributions to the surgical 
progress of this country. The journal will con- 
tinue to attempt the fulfillment of Dr. Mar- 
tin’s conception of a surgical journal and will 
devote its pages to the contributions of prac- 
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tical surgeons, edited by active surgeons, with 
any and all profits derived from its circulation 
and advertising matter utilized for the crea- 
tion of an increasingly better production. 
LoyaL Davis 


SUBDURAL HEMATOMA 


UBDURAL hematoma was once con- 

sidered a rare condition and of only 

pathologic interest. Actually it is one 
of the important indications for surgical inter- 
vention after craniocerebral trauma. Virchow 
originated the concept that subdural hemor- 
rhage was secondary to some inflammatory 
process of the dura and gave it the name 
“‘pachymeningitis interna chronica.”” Numer- 
ous reports have presented various etiologic 
causes; notably lues, alcoholism, scurvy, and 
infectious diseases. It was not until Trotter’s 
report in 1914, that the condition became of 
interest to surgeons. 

Contrary to the concept that inflammation 
is the primary etiologic factor is the concept 
that the primary lesion is a hemorrhage. The 
hemorrhage is not necessarily traumatic. 
Russel and Cairns reported four cases of car- 
cinomatosis and sarcomatosis of the dura with 
formation of a subdural false membrane. 
Neoplasm or vascular malformation may be 
a predisposing factor. The writer has had a 
case of subdural hematoma overlying a glio- 
blastoma of the temporal lobe and another 
overlying a venous angioma in the same loca- 
tion. Both of these patients had suffered a 
mild head injury before the onset of any 
symptoms referable to an intracranial lesion. 

An essential question is the primary loca- 
tion of the bleeding—whether subdural or 
intradural. Baker, Hannah, Kaump and 
Love have presented histologic evidence to 
indicate the intradural origin of these hemor- 
rhages. On the other hand Leary pointed out 
that in the early stages of encapsulation of 


free blood in the subdural space, the neomem- 
brane or capsule forms first on the dural side 
and later on the arachnoid side, and that the 
neomembrane on the dural side is always in a 
more advanced stage of development than on 
the arachnoid side. Surgical observations on 
subdural hematomas in various stages of de- 
velopment substantiate Leary’s statements. 

The mechanism of the progressive enlarge- 
ment of the clot is a matter of considerable 
dispute. All are agreed that there is progres- 
sion in the development of the clot. Massive 
acute subdural hemorrhage does occur in ex- 
tensive injury (laceration) of the brain. These 
cases have early and marked symptoms and 
usually result fatally. The onset of the sub- 
acute or chronic case is slower and often in- 
sidious. The initial brain injury is relatively 
insignificant or, if more severe, the patient 
recovers from it. 

Gardner, Leary, Munro, and others have 
assumed that the initial lesion is the escape of 
blood into the subdural space. As the result 
of a fall or a blow to the head the brain is dis- 
placed in the cranial cavity. This may cause 
tearing of a vein crossing the subdural space. 
Recently this has been demonstrated experi- 
mentally in the monkey by Craig, Sheldon, 
and Pudenz, who have been able to take mo- 
tion pictures through a lucite calvarium of 
such a hemorrhage following a subconcussive 
blow to the animal’s head. Usually it is a 
superior cerebral vein that is torn but inferior 
veins to the sphenoparietal or transverse si- 
nuses may be torn. In any case rupture of a 
vein as it crosses the subdural space allows the 
escape of blood into that space. The venous 
pressure in the cerebral veins is low, and the 
bleeding usually soon stops spontaneously. 
As liquefaction of the blood in the subdural 
space begins the resultant fluid is high in pro- 
tein content. Since it is separated from the sub- 
arachnoid space by only the arachnoid (and 
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later the newly developing neomembrane on the 
arachnoid side), and since this is impervious to 
the large protein molecules in the liquefying 
blood, an osmotic imbalance must exist be- 
tween the cerebrospinal fluid and the lique- 
fying blood with resultant passage of fluid 
into the subdural space. As time goes on and 
the hemoglobin molecules begin to break 
down, there is a great secondary increase in 
molecular concentration following the break- 
ing down of the large protein molecules. Con- 
sequently, there is a late secondary tendency 
to increase in size of the clot. The dura reacts 
early to the presence of the blood in the sub- 
dural space, and a neomembrane or capsule 
forms first on the dural side. Later_a more 
gradual reaction of the arachnoid produces a 
neomembrane on the arachnoid side of the 
clot. 

Most subdural hematomas are on the lat- 
eral aspect of the hemisphere; some are infe- 
rior and anterior, others posterior and inferior. 
They are progressive expanding lesions and 
must be treated surgically. A burr hole in the 
parietal region above the ear will disclose 
practically every clot. Most of them can be 
satisfactorily evacuated through single or oc- 
casionally multiple burr holes; only rarely is it 
necessary to reflect an osteoplastic flap. 
Since the clots are often (12 to 15%) bilateral, 
a burr hole should be made on each side in 
every case. 

In 75 consecutive patients who were oper- 
ated on a history of trauma was present in all 
but three. At times the trauma is so slight 
that it is overlooked by the patient, particu- 
larly if a considerable time interval inter- 
venes between the trauma and the appear- 
ance of the symptoms. This interval may be 
brief or it may range up to several months. 
Time intervals of a year or more raise the 
question of a second later, but forgotten, 
injury. 


Mental disturbance is the most outstanding 
clinical symptom and was noted in over go 
per cent of the cases. The picture is usually 
one of progressive confusion finally advancing 
to stupor or coma. Very often the condition 
fluctuates markedly. One day the patient is 
grossly confused or stuporous, the next rela- 
tively alert. Occasional dramatic recoveries 
from apparently terminal coma may be stim- 
ulated by administration of a hypertonic solu- 
tion of glucose or sucrose intravenously or by 
spinal drainage. Unfortunately if the true 
condition is not recognized the physician is 
lulled into security but soon the patient lapses 
into a stupor that is permanent and ends 
fatally. 

Neurologic abnormalities in the form of 
hemiparesis or paralysis, abnormal reflexes or 
some degree of aphasia are very frequent. 
These findings often do not appear until late 
in the development of the condition. Head- 
ache, dizziness, or nausea and vomiting are 
common. 

The spinal fluid is xanthochromic in two- 
thirds of the cases. Clear spinal fluid does not 
rule out the presence of a hematoma or even 
make it improbable but xanthochromic fluid 
usually indicates the diagnosis. However, 
subarachnoid hemorrhage is often present in 
brain injury and, if the antecedent trauma 
precedes the spinal puncture by less than two 
weeks, the xanthochromia has to be disre- 
garded. Observation of the spinal fluid find- 
ings in a large number of cases of traumatic 
subarachnoid hemorrhage has convinced us 
that the spinal fluid will be clear within 12 to 
14 days after a brain injury. 

Papilledema is found in one-half of the 
cases. Convulsions, often Jacksonian, some- 
times generalized, are seen nearly as often as 
in tumors near the central sulcus. Occasional 
bradycardia with a pulse rate below 60 is 
present in many cases. It is seldom persistent, 
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only recurrent, and often is noted only by 
reviewing the hospital chart over a period of 
several days. 

Subdural hematoma, during the past thirty 
years, has come to be recognized as an impor- 
tant post-traumatic surgical complication. 
Many cases are still unrecognized. The surgi- 
cal profession should be more aware of this 
condition and realize that often it can be 


recognized only by the exploratory burr hole. 
In any suspected case bilateral posterior pari- 
etal burr holes should be made. If no clot is 
found little harm will be done by this pro- 
cedure which entails mimimal operative shock 
and can easily be done under local anesthesia, 
supplemented by intravenous anesthesia if 
the necessity arises for such a procedure. 
Haro_p C. Voris 
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REVIEWS OF 


HE fourth edition of Combined Textbook of Ob- 
stetrics and Gynecology! written by Munro Kerr 
and others of Glasgow, Edinburgh, and Aber- 
deen, Scotland. The first edition was published in 
1923 inan attempt tocorrelate more closely obstetrics 
and gynecology. This was the first book to attempt 
to so do. Through all the editions including the cur- 
rent one the authors have emphasized the indivisibil- 
ity of the two sciences, and have expressly attempted 
to impress the medical student with the importance 
of a thorough knowledge of obstetrics and with the 
fact that a great many ailments encountered in 
gynecological practice are the result of infections 
and injuries contracted during parturition. A short 
chapter is devoted to connecting the two sections of 
the book and in emphasizing their interrelation. 
The book in toto is just short of 1200 pages, 
roughly two-thirds of which are devoted to ob- 
stetrics and one-third to gynecology. It is written 
in large print on smooth paper, is excellently bound, 
and makes for easy reading. There are 511 illustra- 
tions and numerous x-ray plates. There are illus- 
trations in color for the first time in this edition 
some of which appear in the section on anatomy and 
are taken from Cunningham. Although the illus- 
trations are numerous, many are schematic and 
diagrammatic, lacking strength of detail and warmth. 
Although there have been important alterations 
over previous editions in the chapter on analgesia 
and anesthesia because these subjects have been so 
much in the limelight in recent years, there is no 
discussion of the currently popular continuous 
caudal anesthesia. Modern treatment of gonorrheal 
infection with sulfonamides is detailed but more 
recent developments in penicillin therapy are not 
included. The recent work on the Rh factor has 
been incorporated in the chapter on complications 
in the third stage of labor in which blood transfusion 
is considered. There have been additions to the 
chapter dealing with the health, nutrition, and dis- 
orders of the newly born infant. Inasmuch as the 
authors have especially written this textbook for 
medical undergraduates, and inasmuch as they do 
not consider that minute details of surgical tech- 
nique should form part of the training of such 
students, there is a relatively scanty space allocated 
to major gynecological surgery. On the other hand 
there is a very full and adequate consideration of 
functional disorders, especially infertility. Here 
reference is made to contraception for the first time 
and its limitations defined. 


1COMBINED TEXTBOOK OF OBSTETRICS AND GYNECOLOGY. Revised 
by J. M. Munro Kerr, LL.D., M.D., F.R.F.P.& S., F.R.C.0.G. Balti- 
more: The Williams & Wilkins Co » 1044. 
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All in all one is impressed with the logical and in- 
teresting way in which the authors have organized 
this extensive subject matter. The book is well 
written and certainly ranks among the leaders in its 
field. Perhaps it is the foremost single volume work 
on the combined specialties. Stuart ABEL. 


C= has the impression that Comroe’s Arthritis 
and Allied Conditions? was written by a man 
who is enthusiastic about his subject and who wants 
to make his subject matter useful to the entire 
medical profession. The data are detailed and 
specific on every subject, but in each chapter sum- 
maries of the important points are presented for the 
hasty reader. A tremendous medical literature on 
arthritis, rheumatic fever, fibrositis, gout, internal 
derangements of the knee joint, low back pain, etc., 
has been reviewed and the references cited. Spe- 
cialists in the field of arthritis should be interested 
in this feature. However, the book is in no sense 
simply a compendium of the available knowledge. 
It represents an honest effort to give practical in- 
formation to the man caring for arthritis patients 
and to debunk such questionable procedures as 
massive vitamin D therapy and to define the some- 
what narrow fields of usefulness and limits of safety 
for gold salt therapy, iontophoresis, vaccine therapy, 
etc. On the controversial points both sides of each 
question are presented and documented, but the 
reader is never left in doubt as to the author’s view- 
point. 

Of special interest to surgeons will be the chap- 
ters on painful shoulder, Dupuytren’s contracture, 
painful feet, backache and tumors of joints and 
tendon sheaths. In the chapter on “Mistakes in the 
diagnosis and handling of patients with arthritis and 
allied conditions,” 238 errors are listed, many of 
which are of very common occurrence among men 
of excellent training. 

To those who want to care for patients with 
arthritis more intelligently the book is highly 
recommended. Paut S. Ruoaps. 


THOROUGH review of all forms of anesthesia, 
analgesia, and amnesia used in the management 


of obstetric conditions is presented in Control of 


Pain in Childbirth It is generously illustrated with 
colored plates and contains numerous pharmacologic 
charts which show the effects of the drugs on both 
the mother and the baby. 


2ARTHRITIS AND ALLIED ConpiTIoNns. By Bernard L. Comroe, A.B., 


M.D., F.A.C.P. Philadelphia: Lea & Febiger, 1944. 


4 
3CONTROL OF PAIN IN CHILDBIRTH. By A gd —" i’, oat 
elphia, London, Montreal: 


F.A.C.S., and Robert Hingson, M.D. Phila 
J. B. Lippincott Co., 1944. 
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REVIEWS OF 


The book is 338 pages in length and is well indexed 
and subdivided so that the reader can easily and 
quickly refer to any portion of the subject. The 
material is presented in three parts. 

The first part deals with the anatomy of the fe- 
male reproductive system and the physiopharma- 
cology of the agents used to control pain. This 
division also includes some very timely remarks on 
the psychology of the management of pregnancy 
and labor. 

Part II reviews the history of the relief of pain 
during childbirth from the early civilizations to the 
present time. Then the techniques of administra- 
tion of the various pain-killing agents are considered. 
Caudal anesthesia is treated in great detail, and the 
authors leave no doubt in the mind of the reader 
that it is their preference. They do, however, give a 
balanced and fair discussion of the contraindica- 
tions and hazards of caudal anesthesia. 

Pain relief in cesarean sections and in home de- 
liveries is considered. The effects of the pain re- 
lieving agents are also shown in relation to the 
management of the third stage of labor and in rela- 
tion to the management of the puerperium. 

Part III is devoted to the control of pain when 
various maternal complications are present and to 
the methods and drugs which are used in the 
resuscitation of the newborn. 

In the preface we are told that an attempt is 
being made to establish “‘a bridge of communication 
between the specialty of anesthesiology on the one 
hand and the specialty of obstetrics on the other.” 
The authors have succeeded in accomplishing this 
end in a very scholarly and at the same time read- 
able manner. This book is highly recommended for 
the student, the specialist, and the general prac- 
titioner. AucusTA WEBSTER. 


COMPILATION of opinion concerning the 

treatment of common diseases is presented in a 
highly personalized manner in the Textbook of 
Surgical Treatment!. There are nineteen contribu- 
tors, including the editor, Mr. Illingworth. Details 
of certain minor and emergency operations are 
given, but major operations and highly specialized 
procedures are considered in rather general terms. 
Being “intended mainly for senior students and those 
undergoing training in surgery,” the book is re- 
markably devoid of references to pertinent recent 
clinical and laboratory observations. There is no 
bibliography or list of references, and allusions in 
the text to sources or to other authors are few and 
far between. Many recent contributions and ad- 
vances in surgery are neither discussed nor taken 
into account. 

The chapter on treatment of burns, although re- 
ferred to in the preface as the most notable change 
to be found in this second edition, is in fact a poor 
treatise on the subject. The book is altogether too 


1TEXTBOOK OF SURGICAL TREATMENT; INCLUDING OPERATIVE SuR- 
Gery. Edited by C. F. W. Illingworth, M.D., Ch.M. F.R.C.S.E. 
2d ed. Baltimore: The Williams & Wilkins Co., 1944. 
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incomplete and outmoded to excuse its publication 
in 1944. The index is inadequate, even for the 
material included. AMBROSE H. Storck. 


A excellent reliable, up to date work on a very 
important field of medicine is presented by 
Hamblen in his Endocrinology of Woman?. It is 
sometimes the opinion of general medicine men that 
gynecology and endocrinology are specialties that 
are employed in rare or bizarre conditions or in 
strictly surgical disorders. This is certainly not the 
case. The problems of disordered growth in adoles- 
cence, nutrition, fertility, pregnancy, the menopause 
and senescence are the usual, common, and funda- 
mental problems of health and disease and, as such, 
concern the average physician. In other words, the 
material of this book is suitable for, and will be use- 
ful to, the general practitioner. 

The endocrine recommendations are conservative 
and specific. They are based on prolonged original 
clinical work by the author. Articles from this 
group have appeared in the medical literature for 
many years. The text is thoroughly annotated with 
references to current research and each chapter 
carries a short bibliography of authoritative sources. 
A chapter on commercial endocrine preparation is 
included. 

This book can be unreservedly recommended. 

M. P. STARR. 


N the preface to the first edition of the book, 

Massage and Remedial Exercises in Medical and 
Surgical Conditions,’ published in 1932, Tidy states 
that it was written in the hope of supplying a need 
for a text in massage and exercise for senior stu- 
dents, those recently qualified, or for junior teachers 
who are in training for the Chartered Society’s ex- 
amination. 

This book does not contain any of the underlying 
principles, physiological effects, or techniques of 
massage and exercise. The material consists essen- 
tially of the indications for the use of massage and 
exercise used in various surgical and medical con- 
ditions. 

The etiology, pathology, and symptoms of each 
disease or surgical condition are given briefly and the 
usual medical or surgical treatment is described. 
Other forms of physical therapy, heat, electro- 
therapy, and hydrotherapy are recommended in 
some instances. In this, the sixth edition, the sec- 
tions dealing with fractures have been rewritten in 
order that they may include modern methods of 
treatment. 

The book can be recommended to physical 
therapists who wish a quick reference for informa- 
tion on the indications for massage and exercise in 
specific medical and surgical conditions. 

GERTRUDE BEARD. 

2ENDOCRINOLOGY oF Woman. By E. C. Hamblen, B.S., M.D., 
F.A.C.S. Springfield, Ill.: Charles C. Thomas, 1945. 

3MASSAGE AND REMEDIAL EXERCISES IN MEDICAL AND SURGICAL 


ConpitT10ns. By Noé] M. Tidy. 6th ed. Baltimore: The Williams & 
Wilkins Co., 1944. 
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HE fourth edition of The Pathology of Internal 

Diseases!, by Professor William Boyd, follows 
the same plan of organization as was used in the 
previous editions, which appeared in 1931, 1935, 
and 1940. 

The subject matter is taken up according to or- 
gans and organ systems, as in most standard text- 
books of special pathology. However, this book 
differs from the others in that symptomatology and 
physical findings are correlated with the pathologic 
changes. Thus, it is neither a textbook of pure 
pathology, nor a textbook of clinical medicine; 
rather, it is a combination of the two. It treats the 
subject of pathology as a living science, accurately 
and concisely, and in so doing becomes of general in- 
terest to the surgeon, internist, and pathologist, 
alike. 

New material in liberal quantities has been added 
to the fourth edition. Discussions of the Rh factor 
in erythroblastosis fetalis, of blast injury, primary 
atypical pneumonia, sulfonamide nephritis, and the 
like, bring the book up to date. Twenty-two new 
figures and 4 new colored plates have been added. 
These greatly enhance the value of the book. The 
text has been shortened by 14 pages, but the ma- 
terial presented continues to be adequately and 
forcefully discussed, and is revised so as to present 
the newest ideas on controversial subjects. The 
index remains short (16 pages) and this may be 
considered by many to be a disadvantage. 

This excellent standard textbook is highly recom- 
mended to all physicians and advanced medical 
students. EUGENE HILDEBRAND. 


HE 24 page pamphlet Arterial Injuries? is pub- 

lished as a guide to medical officers in the treat- 
ment of acute vascular injuries, by a committee of 
outstanding specialists in this field under the chair- 
manship of Sir Thomas Lewis. It is intended only 
as a guide for early treatment and not as a treatise 
on definitive therapy. 

The morbid anatomy, diagnosis, and develop- 
ment of the collateral circulation are summarized. 
The principles of treatment concerning hemorrhage, 
partial division of an artery, and ligation, manage- 
ment of the ischemic limb with particular attention 
to the patient’s general condition, and the assistance 
of the collateral circulation, are stressed. 

Diagrams illustrating the use of artificial tubes 
for bridging defects and the technique of anastomo- 
sis are given, together with the technique for the 
administration of heparin and the performance of 
sympathetic block. 

This memorandum should serve a useful purpose 
“for the guidance of those who have had only 
limited previous experience of the early treatment 
of arterial wounds.” D. C. Etxn. 


'Tue ParHovocy or INTERNAL Diseases. By William Boyd, M.D., 
LL.D., M.R.C.P.(Ed.), F.R.C.P., (Lond., Dipl., Psych.,) F.R.S.C 
4th rev. ed. Philadelphia: Lea & Febiger, ro4,. 

*ARTERIAL [NjuRTES; EarLty DIAGNOSIS AND TREATMENT. By The 
Vascular Injuries Sub-Committee of the M.R.C. War Wounds Com- 
mittee. Medical Research Counci] War Memorandum No. 13. London; 
H. M. Stationery Office, 1944 


Sk. introductory “Survey” by General Kirk of 
Vasconcelos’ Modern Methods of Amputation’ 
covers the development of amputation. Unfortu- 
nately it does not discuss the book or its author. 
General Kirk is recognized as one of the world’s 
greatest authorities on the subject of amputations, 
especially from the standpoints of interest, en- 
thusiasm, and experience. 

Vasconcelos states plainly that his book was not 
intended for the expert amputation surgeon but for 
the person who does an occasional amputation. 
The reviewer questions the advisability of this point 
of view, except in the occasional traumatic civil case; 
the surgery of amputations is a specialty within a 
specialty. The victim is a person who is losing part 
of his divine endowment. He should not be sub- 
jected to the possibility of losing more than the 
original toll. He should be safeguarded against all 
the complications and results of inadequate sur- 
gery, such as neuroma, phantom limb reamputation 
and revisions. He should be provided with a good 
stump for a prosthesis. 

Amputation should be done by none but the ex- 
pert and experienced surgeon, with the possible ex- 


‘ception of when the blood supply of a limb is 


irreparably inadequate and life is jeopardized 
thereby. 

Amputation surgery is irreversible. There is the 
element of finality. The victim has lost something 
the Lord gave him. 

The enthusiasm of Vasconcelos for his subject is 
genuine. His presentation is logical. His point of 
view is that of the practical surgeon, who is advising 
the general practitioner. His experience covers a 
20 year period. His research has been clinical. 

The object of the book is to present a group of 
reliable techniques for amputation of the limbs. A 
review of all procedures served to help Vasconcelos 
in eliminating the purely academic operations. 
Through experience gained in World War I knowl- 
edge concerning amputations has been revised and 
it has been demonstrated at the war veterans’ 
centers where prostheses are applied that rehabili- 
tation for work and adjustment to civilian life are 
impossible unless a well studied and perfectly fitted 
prosthesis can be obtained. 

With 20 years of experience, it was possible te 
judge the value of the various techniques. Afte. 
studying an extensive bibliography and after making 
comparisons, Vasconcelos described the operations 
which he believed were of real clinical value. He 
therefore considers his book a selective work rather 
than a compilation. He attempts to place a chapter 
of surgery within the reach of any practitioner; 
“something which should be known not only to 
those who specialize in surgery, but also to the 
practitioners who may be-called upon to go out into 
the country districts, for after all, it is a chapter of 
emergency surgical operations, the perfect knowledge 


3MoperRN MetHops oF Amputation. By Edmundo Vasconcelos. 
With an Introductory Survey of ‘‘The Development of ~o—" by 
Major Gen. Norman T. Kirk, M.C. New York: The Philosophical 
Library of New York, 1945. 
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of which is a duty for those who must watch over 
the health and the life of others.” 

The chapter on prostheses is narrowed down to the 
strictly essential points since the general surgeon 
and the practitioner must prescribe the future ap- 
paratus. The function of the surgeon does not cease 
with the completion of the operation; he must select 
the prosthesis and supervise the patient’s rehabilita- 
tion, steps indispensable to good results. When 
amputation is definitely indicated, the surgeon 
should so perform the operation that the orthopedist 
or the limb-maker may adapt the artificial apparatus 
to the needs of the patient. The surgeon and the 
limb-maker must work in harmony. 

The chapter on indications for amputation is 
naturally sketched in general terms since the fac- 
tors contributing to the surgical indications are so 
many. 

The author prefers to present his subject in 
didactic form, so that the book may be useful to a 
large number of practitioners; those endowed with 
great acumen and learning do not need it. ; 

The book is the outgrowth of the official report 
submitted by the author at the 3rd Brazilian and 
American Surgical Congress which met in Rio de 
Janeiro, November, 1941. It contains so much 
borrowed material that it is often difficult to de- 
termine the author’s particular contributions. It is 
noteworthy that no mention is made of such con- 
tributors to the subject of amputations as Vanghetti, 
Sauerbruch, Kessler, and Nissen and Bergman. 

The drawings illustrating the technique are 
original and were done by Filho, directly from the 
cadaver, under Vasconcelos’ direction. They are 
clear and instructive. There are also diagrams, 
many cadaver dissections, x-ray films, and photo- 
graphs. 

Some of the subjects covered are: indications for 
amputation; sites of election, technique of amputa- 
tions and disarticulations; preoperative and post- 
operative care; and prostheses. 

The bibliography lists 499 publications. There is 
no index but the table of contents is called the index. 

PHILip LEWIN. 


HE subtitle of Pye’s Surgical Handicraft, A 
Manual of Surgical Manipulations, Minor Sur- 
gery, and Other Matters Connected with the Work of 
Surgical Dressers, House Surgeons and Practitioners! 
explains in the clearest fashion the content and pur- 
pose of this compilation. This is the fourteenth 
edition of an apparently successful English work, the 
first having been written by Mr. Pye in 1884. Since 
1Pye’s SURGICAL HANDICRAFT; A MANUAL OF SuRGICAL MANIPULA- 
TIONS, Minor SURGERY, AND OTHER MatTTERS CONNECTED WITH THE 
Work or Surcicat Dressers, House SURGEONS, AND PRACTITIONERS. 


Edited by Hamilton Bailey, F.R.C.S.(Eng.). 14th ed. Baltimore: The 
Williams & Wilkins Co., 1944. 
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that time numerous contributors have added to its 
pages so that the present volume contains terse 
authoritative information on a large number of 
surgical and related subjects. 

The plan of presentation follows the modern style 
in that the editor has striven to present technical 
procedures pictorially, thus lending brevity and 
clarity to the written word. There are a total of 724 
illustrations to be found within its 628 pages, plus 
an adequate index for quick reference. It reads 
easily because of the type style as well as the content. 

The completeness of the book in relation to sub- 
jects covered is quite satisfactory, but as is the case 
in most such texts of minor surgical procedures its 
failing is a lack of detail in some sections. On the 
other hand, if this book is to be used only as a guide 
for a busy surgical house officer its proper place in 
medical literature will have been found. The scope 
of the book is indeed wide, since its details range 
from those of urinalysis to the postoperative manage- 
ment of all types of surgical patients and include the 
therapeusis of venereal disease as well as that of 
acute poisoning. The general tone of the text would 
lead one to believe that the procedures descril ed 
were the best known for the particular instance 
under discussion, whereas actually they represent 
the written plan of the particular author’s own per- 
sonal method. No bibliography is presented to 
stimulate further study. Thus one comes easily to 
the conclusion that the text represents local English 
thought on certain hospital procedures. As a result 
of this type of presentation, many instances are 
found in which American surgeons will be at variance 
with both the procedures and the principles set forth. 
For example, we cannot agree that breast tumors of 
doubtful origin should be removed under local 
anesthesia and the patient sent home to await the 
pathologist’s report. Through-and-through drain- 
age of a felon and other instructions on the care of 
hand infections are in keeping in this text only be- 
cause of a complete omission of any references to the 
monumental work of Kanavel. The section per- 
taining to the injection treatment of hydrocele, 
varicocele, bursae, and ganglia certainly is difficult 
to accept. One wonders about the particular 
author’s experience when he states that he is 
“astounded at the regularity with which these 
swellings are obliterated.” 

There is no doubt but that there is much merit in 
the text, especially since it carries to its readers the 
opinions that are the natural outgrowth of other 
medical experience. If we can assume that its con- 
tents are truly representative of English views on 
therapy, the procedures described can be blended 
with those usually employed by the reader when- 
ever desired without the necessity of actual travel. 

WALTER CARROLL, 








AMERICAN COLLEGE OF SURGEONS 


THE BASIC MEDICAL SCIENCES IN 
IN SURGERY 


GEORGE H. MILLER, 


ROGRESSIVELY increasing attention 

was being given to the subject of the basic 

medical sciences in graduate training in 

surgery prior to the outbreak of war. 
Since that time, the pressure of war’s demands on 
all facilities for medical education and the disrup- 
tion of graduate training programs have tempo- 
rarily forced it into the background. Now, with 
the approaching prospect of peace, it is again as- 
suming a position of prominence. Its importance 
becomes even greater due to the difficulty of pro- 
viding sufficient additional graduate training 
facilities to meet the needs of medical officers, 
some of whom are even now beginning to be re- 
leased from military service. 

The size of the postwar need has been dealt with 
in published analyses of the answers to question- 
naires sent to medical officers in the military 
forces by The Committee on Postwar Medical 
Service (2). 

Reports have also been made dealing with the 
possibilities of increasing the facilities for graduate 
training (1, 3). The need can be met only in part 
by increases in the number of residents in hos- 
pitals now qualified for graduate training. It will 
require in addition, the development of training 
programs in a considerable number of hospitals 
which in the past have not been doing graduate 
training. Assistance in this expansion is to be 
expected through the utilization of some of the 
larger private hospitals, selected city and county 
hospitals, and certain hospitals of the United 
States Government services. Co-operative pro- 
grams are also being developed in which part of 
the work is obtained in the graduate training de- 
partment of a medical school and part in a hospital 
not under medical school control. 

In considering the establishment of residencies 
in a hospital which has not had a graduate train- 
ing program, one of the problems which comes to 
the fore, and often is difficult of solution, is the 
assurance of adequate training in the basic medical 
sciences. This phase of training has received in- 
creasing emphasis in recent years both by the 
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American College of Surgeons and by the Special- 
ty Boards. The advances in medicine and surgery 
have made this emphasis imperative. It is natural 
therefore that the officers of a hospital, contem- 
plating the establishment of residencies, want to 
know what constitutes adequate basic science 
training. 

It is also important for the trainee in a specialty 
to have this information available. This will be 
even more true after the war when there will be a 
large number of interrupted programs to be com- 
pleted. Although hospitals generally are anxious 
to complete the training of their internes and resi- 
dents who are now in military service, the longer 
the war lasts the more impossible this becomes. 
It is certain that there will be many a young 
doctor who will find it necessary to complete his 
training program at some place other than the 
hospital in which he was a resident when the war 
brought an interruption of his training. 

At the present time, one hears complaint that it 
is difficult for the education committee of a hos- 
pital to find any printed statement sufficiently 
clear and detailed to serve as a guide in formulat- 
ing plans for basic science training. The same 
holds true for a trainee who wants to be sure of 
the adequacy of a program when he is making a 
choice of a hospital residency. 

It has seemed desirable to undertake a discus- 
sion of this phase of training in order to try to 
arrive at a clearer understanding of what con- 
stitutes an adequate program in applied basic 
sciences. It is not the purpose of this discussion 
to arrive at a synopsis or even to outline a curric- 
ulum of the basic science work needed. Such de- 
tailed outlines must vary considerably due to the 
following: (1) differing needs of the different 
specialties; (2) difference in total length of resi- 
dency (varying from 3 to 8 years); (3) differences 
in type of institutions being utilized for training. 

It shall be the purpose, instead, to emphasize 
and bring into perspective the major objectives 
and to consider some of the means of attaining 
them. 
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PRELIMINARY SURVEYS 


It is a matter of common knowledge that there 
is considerable variation in the programs of grad- 
uate training in surgery in different institutions 
which are doing excellent work in this field. 

In order to make an effective approach to a con- 
sideration of the place of the basic sciences in the 
programs, it seemed desirable to visit a number of 
representative institutions. These visits were 
used to some extent for the obtaining of statis- 
tical data regarding differences in the programs 
but still more, through interviews with members 
of the staff who are responsible for different 
phases of the training, they were used to gain an 
idea of the developmental background behind the 
differences. The interviews also offered opportu- 
nity for a frank discussion of the experiences in 
each institution as to points of special strength or 
weakness, and the present trend of their efforts 
to improve the program. 

The visits, while concerned chiefly with the 
larger medical schools, have not been confined 
entirely to these but have sampled as well the 
experiences of certain smaller schools and non- 
teaching hospitals which have been offering ap- 
proved residencies. They have also been made 
to include a limited number of hospitals which 
have not been doing graduate training but are 
now preparing to begin it. The latter have been 
included in order to gain a firsthand knowledge 
of the special problems faced by such hospitals in 
undertaking this work. 

Geographically, the contacts have covered the 
country widely in order to include any significant 
regional variations and trends. 

The following discussion has grown out of inter- 
views with members of the staffs of thirty-four 
medical schools and of twenty-five nonteaching 
hospitals. 

HISTORICAL 

It is worthwhile to note briefly the sequence of 
developments leading up to the present position of 
the basic sciences in graduate training in surgery. 

The training of specialists in the field of surgery 
has shown a steadily increasing emphasis on the 
basic sciences over a considerable period of years. 
Fifty years ago the young doctor, serving as an 
apprentice or holding an assistantship in a de- 
partment of surgery, was concerned chiefly with 
developing the best possible skill in operating. 
Often exaggerated prominence was given to such 
considerations as speed in operating and the abil- 
ity to operate through extremely small incisions. 
Considerable attention was given to devising spe- 
cial suture methods and to various “trick” ways 
of tying ligatures. 
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During this period, the more energetic and pro- 
gressive men holding assistantships in the better 
university departments of surgery were likely to 
seek opportunity to serve in the department of 
anatomy as demonstrators to the undergraduate 
medical classes. Some became excellent teachers 
of anatomy and were a source of stimulation to 
students by introducing examples of the practical 
application of the study to their clinical work. 
This work in anatomy has been retained by many 
institutions as a part of the graduate training pro- 
gram, though now most trainees assist in the 
course in surgical anatomy instead of in general 
anatomy. The point to be emphasized is that, at 
that time, work in anatomy constituted usually 
the only specific emphasis on basic science during 
the training of the surgeon. 

About the turn of the century, there developed 
an emphasis on the value of a study of pathology 
by the surgeon in training. This was the result of 
the wider appreciation by surgeons of the fact that 
successful surgery is dependent not only on a 
knowledge of the anatomical accessibility of the 
lesion and on good technique but also on a full 
knowledge of the “‘life history” of the disease pro- 
cess. Whether in the realm of inflammation or of 
neoplasm or of other surgical conditions, the sur- 
geon wanted to think beyond the immediate ana- 
tomical lesion and understand fully its near and 
remote effects and sequelae. 

For a time, in the field of training, pathology 
was regarded more or less as an interloper and a 
competitor of anatomy. One heard at times 
heated discussions as to which of the two should 
be chosen by the prospective surgeon as his field 
of basic science work. After a relatively few 
years, these arguments practically disappeared. 
The ambitious trainees were adding pathology 
and retaining anatomy by giving a reduced 
amount of time to the dissecting room. 

Some professors of anatomy resisted at first the 
reduction of the demonstrator’s time but before 
long both pathology and anatomy were sharing in 
the basic science attention in most good programs 
of surgical training. A limited attention to bac- 
teriology was sometimes included with pathology. 

More recently, with the extended use of surgery 
in the reconstructive field, where physiological 
considerations are prominent, and with the devel- 
opment of corrective surgery in certain abnormal! 
physiological states, physiology and biochemistry 
have been brought prominently into the training 
picture. Also, new developments in the field of 
anesthesia, requiring discriminating choice and 
foreknowledge of potential complications, the im- 
proved handling of shock and of preoperative and 
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postoperative management, together with all the 
new advances in the control of infection, have 
brought physiology, biochemistry, bacteriology, 
and pharmacology all into a position of increased 
interest for the surgeon. One might even add 
parasitology to the list out of deference to those 
surgeons who are dealing constantly with such 
conditions as hydatid cysts, amebic abscess and 
elephantiasis. Thus, it is evident that surgery 
has grown steadily into a closer relationship with 
practically the whole field of the basic medical 
sciences. 
THE OBJECTIVES 

In seeking an answer for the question of the 
hospital committee or of the trainee, referred to 
above, it is necessary to visualize as clearly as 
possible the objectives toward which the basic 
science work of a graduate training program in 
surgery is directed. These objectives may be 
variously expressed and must be permitted a cer- 
tain variation of emphasis in different institutions 
and under varying conditions. 

However, the broad general objective of gradu- 
ate training in these specialties is to provide for 
the country the highest level of surgical care by 
furnishing, under competent instruction and su- 
pervision, the best possible training in both surgi- 
cal skill and surgical judgment. 

Another objective is the development, in the 
future specialist, of a scientific interest and back- 
ground which will make him capable of using such 
opportunities as may be present in his work for 
contributing to the advancement of medical 
science. 

The emphasis on the basic medical sciences in 
the training program, while directed toward the 
broad objective referred to, bears most heavily on 
that which is regarded by many as the more im- 
portant and more difficult phase of training—the 
development of surgical judgment. For this, it 
must be applied basic science. It is applied in 
many ways but especially in the scientific study 
of patients and in the acquiring of a clear under- 
standing of the fundamental interpretations of 
clinical phenomena in the special field. Developed 
in this way, the basic sciences are removed from 
the status of review work and should be of real 
graduate caliber. They also take on a new interest 
by revealing a threefold goal—thorough training, 
improved care of patients, and contribution to 
science. 

Some unfortunate misconceptions have arisen 
from failure to regard the applied basic sciences 
as advanced work at a graduate study level. Fol- 
lowing are the misconceptions most commonly 
met: 


1. Review courses are needed because the resi- 
dent has forgotten details of his undergraduate 
courses. 

2. The basic science requirements of the College 
and of the Specialty Boards are academic hurdles 
which require special basic science study to clear 
but are of no further concern. 

3. Lectures by a preclinical teacher can cover 
failure of the clinical staff to make adequate appli- 
cation of basic sciences. 

4. Basic science requirements can be met by 
giving the resident training in the techniques of 
the diagnostic laboratory of the hospital. 

Let us consider, in turn, each of these mis- 
conceptions: 

1. Need for review courses. Certainly the resi- 
dent will have forgotten details of his under- 
graduate work and review study is necessary. 
This, however, is not done best in formal review 
courses. He should be obliged to review in order 
to meet the demands of the advanced work of his 
training program. Such demands may consist in 
assigned participation in well organized seminar 
programs and clinical conferences and should be 
evident also in ward rounds and in clinics if these 
are kept at a high instructional level. The latter 
is illustrated by the answer of a resident when 
asked about attention to anatomy. He said, ‘“‘We 
don’t have any review course but ‘The Chief’ gives 
a real quiz in anatomy as a part of his discussion 
and questioning at each operation and we sure 
have to review all the time to keep up with him.” 

In general one may say that the demand for re- 
view should be inherent in the well organized 
graduate training program, but formal review 
courses of undergraduate work should not consti- 
tute a part of the schedule. 

2. Treating basic sciences as hurdles. The idea 
that the basic sciences are hurdles is not entirely 
in error. Certainly as requirements for qualifica- 
tion, they assume this character. The error lies in 
treating them as nothing more than hurdles when 
in reality, meeting these requirements should be 
evidence of an established quality in professional 
work and development. The erroneous attitude 
is illustrated by the tendency of some candidates 
for qualification to go to the head of a preclinical 
department saying, “I am going to take the 
——-— examination this spring. I want you to 
get me ready for it during these next three weeks.”’ 
Professors will usually try to give assistance in 
response to such requests though expressing 
doubt of the permanent value in many cases. 
Such a period of study is an opportunity of real 
value. The error occurs when the candidate 
treats it as mere cramming for an examination. 
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Likewise, some hospital committees seem to 
have regarded the basic sciences as merely awk- 
ward requirements which must be met. 

This regarding of the basic sciences as mere 
hurdles and the reliance on ‘‘cramming’’ for 
examinations should steadily diminish as more 
and more emphasis is placed on the application of 
these sciences to the daily work of the clinical 
specialist. 

3. Use of undergraduate lectures. The suggestion 
is sometimes made by the educational committee 
of a hospital that they will meet the basic science 
requirements for residents by having them attend 
the undergraduate lecture courses in a nearby 
medical school or sometimes by arranging for pro- 
fessors to give special short courses in those pre- 
clinical subjects. To say that this is unsatisfac- 
tory is no reflection on either the professor or on 
his undergraduate course. 

The difficulty is that such undergraduate lec- 
tures are not applied basic science, nor are they 
graduate work. 

If a hospital is to use university courses to sup- 
plement its training program in the applied basic 
sciences, such courses should be given by teachers 
prepared for this graduate work and having a 
knowledge of the clinical problems sufficient to 
permit them really to present the application of 
the basic sciences. 

4. Training in diagnostic laboratory. The ques- 
tion of filling the basic science requirements by 
assigning the resident for a period of training in 
the diagnostic laboratory can be answered by re- 
calling the main objectives of the resident’s train- 
ing program. It is not reasonable to use his time 
for training as a laboratory technician. His knowl- 
edge of the more elaborate procedures of the labo- 
ratory should be such as to emphasize their range 
of usefulness, and also their limitations, in his 
field. It should thus enable him to make more 
effective use of laboratory work in his clinical 
decisions. 

Exceptions will, of course, arise, as in the case 
of a resident who is engaging in a research prob- 
lem dependent on certain clinical laboratory tests. 
He will need thorough understanding of those 
procedures and can usefully work in the clinical 
laboratory as an integral part of this special 
program. 

The principle governing the relationship of a 
resident to the diagnostic laboratory should be a 
recognition of the fact that he is there primarily 
for training in applying laboratory findings to 
patients and only secondarily, or in a research 
capacity, to take part in the technical work of the 
laboratory. 


DIFFERENCES IN APPROVED TRAINING 
PROGRAMS 

Differences in total length of training period. 
The length of time which has been adopted by the 
Department of Graduate Training of the Ameri- 
can College of Surgeons and that required by most 
of the Specialty Boards for surgery and the surgi- 
cal specialties as the minimum for the institu- 
tional phase of training is three years after an 
approved interneship. In the larger teaching 
hospitals the length of residency varies all the 
way from three to eight years. Approximately 
half of those included in this study were found to 
have surgical training programs of five or more 
years’ duration while the other half have programs 
lasting either three or four years. 

At times in the past there has been some differ- 
ence of opinion as to the relative merit of the 
shorter graduate training programs. It should not 
be regarded as reopening any old controversy to 
take the position at the present time that the new 
residencies to be developed in the effort to meet 
the postwar training load will fall, for the most 
part, in the second group and will be of three or 
four years’ duration. For this reason, the follow- 
ing comments should be regarded as referring 
especially to the facilities for, and possibilities of, 
this group. 

This is not overlooking the value and the neces- 
sity of training beyond the three or four year 
period. The ultimate aim should be accomplished 
effectively with a wider recognition that the years 
immediately following completion of a three or 
four year program are a continuation of training 
while holding a “limited responsibility” appoint- 
ment. 

Variation in content of the training programs. 
The institutions studied showed variation not 
only in length of training program but also in con- 
tent. Over many years their accomplishment 
shows, however, that this considerable variation 
of program is not inconsistent with excellent re- 
sults. In reality, such flexibility is desirable as 
permitting the best utilization of the differing 
facilities of institutions, both in material and in 
staff. A certain flexibility should also be utilized 
in developing most effectively the special scien- 
tific aptitudes and interests of the trainee. It 
should be remembered, however, that the range of 
variation which may be appropriate in programs 
of six to eight years’ duration is much reduced 
when one deals with a three or four year program. 

Time devoted to the basic sciences. Confusion has 
sometimes occurred because of two different inter- 
pretations of this. Some have discussed it as re- 
ferring only to those parts of a residency during 
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which the resident is released from responsibility 
for patients and devotes himself solely to one or 
more of the basic sciences. Others regard it as 
including all those places throughout the whole 
training where application of basic sciences is 
emphasized. The latter is a very important part 
of the program. In fact, the permanent value of 
the basic science work is dependent to a large 
extent on the degree to which the clinical staff 
makes constant application of the basic sciences in 
its discussions and work. This teaching, however, 
is incorporated so intimately with the clinical 
training that it fails to appear in a time record. 
Seminars and teaching conferences are also an 
important means of emphasizing certain of the 
applied basic sciences and these likewise do not 
appear in any listing of time devoted specifically 
to those sciences. 

The above distinction must be taken into 
account in the formulation of a graduate training 
program and adequate provision must be made 
for both phases of emphasis on the basic sciences. 

In some of the hospitals which have residencies 
of six or more years, it is customary to have as- 
signments totaling as much as eighteen months or 
two years devoted primarily to the basic sciences 
and research. Obviously such a program is not 
applicable to hospitals which devote only three or 
four years to the whole residency. In the latter 
group of hospitals, the time devoted entirely to 
the basic sciences must be considerably shorter. 
Usually, it varies between six and twelve months. 
This shorter amount of time reduces correspond- 
ingly the range of flexibility in that part of the 
program. 

What basic sciences should be included? As an 
introduction to a discussion of the basic sciences 
to be included, the following excerpts are quoted 
from the published requirements of the different 
boards for surgery and the surgical specialties and 
of the American College of Surgeons. 


Surgery. “This period of special training shall be 
of such a character that the relation of the basic 
sciences of anatomy, physiology,’pathology, bacteri- 
ology, and biochemistry is emphasized. Knowledge 
of these sciences as applied to clinical surgery will be 
required in the examination.” 

Orthopedic surgery. ‘‘He must have knowledge of 
the basic medical sciences related to orthopedic 
surgery.” 

Neurological surgery. “This period of ‘training 
shall be of such a character that the relation of the 
basic sciences of anatomy, physiology, pathology 
bacteriology, and biochemistry is emphasized. 
Knowledge of these sciences as applied to the prac- 
tice of neurological surgery will be required in the 
examination.” 


Plastic surgery. ‘‘The period of training shall 
cover .. . and the basic sciences of anatomy, physi- 
ology, pathology, bacteriology, and biochemistry as 
they are related to plastic surgery.”’ 

Urology (a). “This period of specialized training 
should include graduate training in anatomy, physi- 
ology, pathology, and the other basic medical 
sciences which are necessary to the proper under- 
standing of the disorders and treatment involved in 
the specialty of urology.” 

Obstetrics and gynecology. ‘‘Each candidate should 
have certain fundamental knowledge of the basic 
essentials of anatomy, pathology, bacteriology, 
physiology, pharmacology, and therapeutics as re- 
lated to the practice of obstetrics and gynecology.” 

Ophthalmology. “This shall include (applicable so 
far as possible after 1944) graduate study of the 
basic medical sciences, which are fundamental to 
the intelligent practice of ophthalmology, partic- 
ularly; anatomy, histology, embryology, optics, 
physiologic optics, visual physiology, and psychol- 
ogy, pathology, bacteriology, pharmacology, dis- 
orders of ocular mobility and binocular vision, per- 
imetry, and the skillful adjustment and use of in- 
struments.” 

Otolaryngology. “‘A candidate must have com- 
pleted an acceptable basic science course.” 

American College of Surgeons. ‘‘The resident staff 
shall be required to observe and participate in au- 
topsies, to devote adequate time to the study of gross 
and microscopic pathology, to acquire a degree of 
practical knowledge of clinical roentgenology and 
radiology, to pursue anatomical studies by dissec- 
tions on the cadaver and animals, to participate in 
clinical or experimental research and to devote defi- 
nite time to other study of the basic medical sciences. 

“Tf not available within the hospital, provision 
for adequate collateral study of the basic medical 
sciences shall be provided through affiliation with 
another hospital or educational institution.” 


The above quotations amply bear out the 
statement made in the beginning as to the in- 
creased number of basic medical sciences which 
have become of importance to the surgical spe- 
cialists. 

It is also evident why hospital committees have 
felt some uncertainty as to the best way to utilize 
the time at their disposal for basic science work. 

It is important in this connection to recognize 
that, for certain of the basic sciences, an emphasis 
on their application in the surgical training pro- 
gram can best be made in connection with the 
clinical work. For these, the trainee does not 
have to be detached from his ward service and 
deVote his entire time to the basic science con- 
cerned. There are others, however, which are 
most effectively dealt with by making them the 
sole, or at least the primary, responsibility of the 
resident for a definite period of time. Those not 
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receiving a separate time allotment must not be 
regarded as lacking in importance. 

The most common special assignments of time 
for the basic sciences are to pathology and 
anatomy. 

Pathology. Since many of the surgeon’s deci- 
sions depend closely on his personal knowledge 
of pathology, this subject becomes the one most 
urgently requiring an individual assignment of the 
resident’s time. There is practically unanimous 
agreement on this. The hospitals with long train- 
ing programs in many cases allot a whole year to 
pathology while those with shorter residencies 
commonly reserve six months primarily for this 
work. 

In addition to this period of concentrated atten- 
tion to pathology it is, of course, essential that the 
resident throughout his whole training should con- 
tinue to study the pathological material from his 
service. In a surgical service which has its own 
department of surgical pathology this is easy. In 
others, the necessary daily or frequent contacts 
with the department of pathology must be main- 
tained. A few surgeons have voiced the belief 
that the latter type of study of pathology can be 
made sufficiently thorough alone to serve for the 
resident’s training in this subject. Most, however, 
think that this type of divided responsibility can- 
not produce as good a result as when combined 
with a period of full-time service in the depart- 
ment of pathology. Another advantage in the 
assignment to pathology lies in the opportunity 
during this time of carrying on or of collaborating 
in a research problem in this field. The experience 
in exhaustive reading in the field of his research 
problem and the need for discriminating evalua- 
tion of the work of different contributors to its 
literature are an invaluable element of this part 
of his training. 

Anatomy. Often a special assignment of time is 
made also for the study of anatomy. This is true 
in about half of the programs surveyed. Two sur- 
geons placed anatomy as more important even 
than pathology in the study program. However, 
this was more than offset by the opinions of many 
professors of surgery who think the time can be 
better utilized if careful attention is given to 
pointing out anatomical considerations and to 
quizzing prior to and during operations and in the 
autopsy room, thus allowing studies on the ca- 
daver to be reduced to a relatively small number 
of special regional dissections. 

While a separate allotment of time for work in a 
department of anatomy is desirable, and is pos- 
sible in the longer training programs, it would 
seem that the necessary emphasis on this subject 


can be otherwise provided in a well organized 
training program. In this case, however, it must 
be definitely included as a teaching responsibility 
of the surgical department. 

Bacteriology, physiology, biochemistry, and phar- 
macology. Applied bacteriology will usually be 
included to some extent during the period devoted 
to pathology. In general, however, all of the above 
group of subjects are applied so continuously in 
the daily work of the resident and are such an 
essential part of the study and treatment of his 
patients that the clinical work of the hospital 
becomes the place where the advanced study of 
these subjects must be centered. Every ward 
round and conference must stress one, or several, 
or all of these, according to the variety of the cases 
presented. They should also be given special and 
detailed application in seminars planned for that 
particular purpose. 

The use of specialists from preclinical depart- 
ments and from other clinical departments, who 
are qualified for this teaching, is a necessary part 
of the program but they should be regarded as 
“consulting specialists” and ‘‘contributors” and 
not used as a means of relieving the clinical staff 
of their continuous responsibility. The residents’ 
research work also, whether clinical or preclinical 
in origin, will require advanced study in one or 
more of the basic sciences. 

The important broad consideration here is that 
the application of these sciences to the study of 
disease in patients should be real graduate work 
for which the clinical departments must carry a 
large share of responsibility. 

Use of teaching assignments in preclinical depart- 
ments. In the longer residencies, an assignment to 
assist in a preclinical department can sometimes 
be used to advantage, since the liberal time avail- 
able allows the resident to engage in research and 
advanced study as well as to assist in teaching. 
In the shorter residencies, the brief time available 
for such assignment is likely to be entirely occu- 
pied by a heavy routine teaching program. This 
creates a danger that the resident may become 
only a borrowed teaching assistant instead of a 
member of the graduate training group of that 
department. Preclinical teaching assignments 
should be used only when the training value for 
the resident obviously compensates for the time 
allotted to the department. 

Research. The value of research as a means of 
stimulating study in the applied basic sciences 
should be utilized in the graduate training pro- 
gram. Only the longer programs can allot a large 
segment of time, for example, to the bacteriology 
laboratory for a study of infections or to some 
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other laboratory for experimental work in that 
field. Nevertheless, it is possible and necessary 
even in the shorter programs, to stimulate an in- 
quiring attitude of mind and to encourage and 
guide the resident in investigative work on some 
problem of particular interest to him. 

Co-operative programs. Some hospitals, recog- 
nizing their weakness for training in the basic 
sciences, have corrected the defect by appointing 
to the staff men specially qualified for this work. 

Other hospitals which face a similar difficulty 
but are unable to apply the same solution should 
seek to develop a co-operative program with the 
hospital of a convenient medical school or with a 
graduate school of medicine which gives a fully 
approved graduate training program. The follow- 
ing illustrate different forms of co-operative effort 
already being used: 

1. A co-operative program is arranged with the 
hospital of a medical school under which part of 
the residency is spent in each of the two hospitals. 
Three year programs divided on both 2:1 and 1:2 
ratios are being employed. Two years in each 
hospital is a proposed improvement. 

2. When a medical school is near at hand, a 
program may be planned by which the residents 
can have access to certain of the applied basic 
science facilities provided for the surgical resi- 
dents of the university hospital. 

3. Arrangement may be made for the resident 
to spend one year in the combined applied basic 
science and clinical program of a graduate school 
of medicine which offers a fully approved gradu- 
ate training program. 

4. Arrangement may be made for selected 
members of the staff to become temporarily ad- 


juncts to the teaching staff of a university hospi- 
tal to gain a broader scientific background and a 
better familiarity with graduate training methods. 

5. A hospital may secure the assistance of 
guest teachers. This refers not to the usual series 
of visiting lecturers, but, as one hospital’s plan 
employs it, a ten-day, full-time visit during 
which the guest takes part in ward round discus- 
sions with the staff as well as in the conferences 
and seminars for residents. Additional forms of 
co-operative effort will doubtlessly be devised as 
medical schools and hospitals continue to work 
and plan together for the best utilization of their 
combined resources for graduate training. 

The foregoing discussion has dealt with the 
basic science requirements in a broad way and in 
the light of the immediate postwar training needs. 
It has not dealt with strictly one-department 
questions such as the need of ophtha!mology for 
special courses in physics of optics and physiology 
of optics nor of otolaryngology’s similar need with 
reference to sound. Likewise, the big question of 
need for a greater responsibility on the part of 
medical schools for graduate education in the 
clinical fields has been omitted. 

It is hoped that the discussion may be of assist- 
ance to certain hospital staff groups, who desire to 
undertake graduate training, to evaluate their 
resources, and to take the necessary steps to 
organize a strong training program. 
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